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 This study investigated the extent to which elementary education mathematics methods 
courses exposed preservice teachers to research-based pedagogical practices grounded in 
cognitive science as well as best practices for mathematics instruction. A line-by-line content 
analysis of textbooks and course syllabi from ten teacher education programs within the State 
University System SUS) of Florida was completed. Evidence of the National Council of 
Teachers of Mathematics’ (NCTM) eight high leverage Mathematics Teaching Practices (MTPs) 
was documented on the ©Scoring Rubric for the National Council of Teachers of Mathematics’ 
Mathematics Teaching Practices (MTPs), and Mayer’s (2009) Science of Instruction Principles 
(SOIPs) were documented on © Scoring Rubric for Mayer’s Science of Instruction Principles 
(SOIPs). Coding techniques were utilized to document the presence of additional theories of 
learning, instruction, and motivation. The results were reported using descriptive and inferential 
statistics, as well as relative and absolute color comparisons. Data analysis indicated that the 
Mathematics Teaching Practices were documented significantly more than the Science of 
Instruction Principles. The findings from this investigation may be used to inform textbook 
authors and teacher education faculty members as they develop future content for mathematics 
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THE PROBLEM AND ITS CLARIFYING COMPONENTS 
Background of the Study 
In 2001, the National Research Council’s Adding It Up compared the United States’ 
mathematics curriculum to that of other countries, calling it “shallow, undemanding, and diffuse 
in content coverage” (Kilpatrick, Swafford, & Findell, 2001, p. 4). Soon after, the Trends in 
International Mathematics and Science Study (TIMSS) Video Mathematics Research Group 
(2003) conducted a video study of mathematics lessons from seven countries, conclud ing that 
U.S. mathematics instruction demonstrated zero evidence of teachers facilitating students to 
construct the deep conceptual connections necessary to foster meaningful learning. With the 
mathematics assessment results of U.S. elementary students being stagnant (TIMSS & PIRLS 
International Study Center, 1995), and research such as Liping Ma’s (1999), Knowing and 
Teaching Mathematics, demonstrating the critical need for the capacity building of U.S. 
elementary teachers, the stage was set for mathematics reform in America.  
In 2010, state educational leaders collaborated to develop the Common Core State 
Standards of Mathematics (CCSSM), which were targeted to raise nationwide expectations and 
increase students’ opportunities for deep learning of mathematics, (Common Core State 
Standards Initiative, 2019; National Council of Teachers of Mathematics, 2014). CCSSM 
narrowed the expanse of mathematical content to be covered and increased the required depth of 
conceptual understanding for America’s students. The goal of CCSSM was for all students to 




Although the CCSSM provided a clearer picture of the mathematics destination for K-12 
education, teachers were unsure how to implement CCSSM with fidelity (NCTM, 2014). In 
responding to educators’ questions about implementation, the National Council of Teachers of 
Mathematics (NCTM) released Principles to Actions: Ensuring Mathematical Success for All, 
which included a framework for high-quality instructional design based on the empirical 
evidence of instructional strategies that promote deep learning (NCTM, 2014). In Principles to 
Actions: Ensuring Mathematical Success for All, the NCTM detailed eight “high-leverage” 
Mathematical Teaching Practices (MTPs) which included: (1) establish mathematics goals to 
focus learning, (2) implement tasks that promote reasoning and problem solving, (3) use and 
connect mathematical representations, (4) facilitate meaningful mathematical discourse, (5) pose 
purposeful questions, (6) build procedural fluency from conceptual understanding, (7) support 
productive struggle in learning mathematics, and (8) elicit and use evidence of student thinking 
(NCTM, 2014, p. 10). The NCTM emphasized the complex nature of mathematics instruction 
and the need for teachers to have a "clear view of how student learning of that mathematics 
develops and progresses” (p. 7).  
Cognitive science also suggests that teachers must understand the cognitive processes 
that occur in the brain during learning (Mayer, 2008). Teachers should frame lesson planning and 
instructional design within an understanding of “when, why, and how their students learn” 
(Surma, Vanhoyweghen, Camp, and Kirschner, 2018, p. 229), because linking empirical 




reduce the use of ineffective instructional methods, increase meaningful learning opportunities 
(Fiorella & Mayer, 2016; Guy & Byrne, 2013: Mayer, 2008; Mayer, 2009).  
There is a strongly supported connection between pedagogical practices and student 
achievement outcomes (Carpenter, Fennema, & Franke, 1996; Deans for Impact, 2015; Fyfe, 
DeCaro, & Rittle-Johnson, 2014; Hattie, 2009; Lampert, Beasley, Ghousseini, Kazemi, & 
Franke, 2010). Teachers, who are “among the most powerful influences in learning” and the 
keepers of America’s academic future (Hattie, 2009, p. 238), should understand the process of 
how people learn, or the science of learning (SOL) as described by Richard Mayer (2008) in his 
article Applying the Science of Learning: Evidence-Based Principles for the Design of 
Multimedia Instruction. Mayer stated that with an understanding of the science of learning, 
teachers can “prime cognitive processing during learning” through engaging learners in suitable 
cognitive activities without overloading their cognitive capacity (Mayer, 2008, p. 762). This 
process is called the science of instruction (SOI) (Mayer, 2008).  
Science of Instruction Principles (SOIPs) involve the implementation of pedagogical 
practices derived from the science of learning (Mayer, 2008). According to Mayer (2008), the 
science of learning and the science of instruction have a reciprocal relationship, and the design of 
instructional messages should attend to both the SOL and the SOI. The National Council of 
Teachers of Mathematics’ (2014) eight high-leverage Mathematical Teaching Practices (MTPs) 
link instructional principles from cognitive science to mathematics instruction. When mastering 
the use of these practices, teachers demonstrate pedagogical content knowledge (PCK) specific 




content knowledge and deeper than pedagogy, as PCK refers to subject matter knowledge for 
teaching.  
Both the science of instruction and the NCTM’s Mathematics Teaching Practices align 
with the purpose of decades-long research in the field of cognitive science. Cognitive scientists 
have found that long term storage of new information is dependent upon the learner’s selection, 
organization, and integration of new information during the learning process (Mayer, 2008). 
Cognitive capacity is required for the learner to successfully progress through these three 
processes to the long-term integration of new content (Mayer, 2008). SOIPs aimed at guiding 
learners through the three phases of essential cognitive processing include, but are not limited to 
the principles of: (1) coherence, (2) signaling, (3) spatial contiguity, (4) temporal contiguity, (5) 
redundancy, (6) expectation, (7) segmenting, (8) pretraining, (9) modality, (10) multimedia, (11) 
personalization, and (12) concretizing (Mayer, 2008; 2009; 2011). The first five principles focus 
on designing instruction that reduces extraneous processing (Mayer, 2008; 2009). Principles six 
through eight facilitate the management of new content with attention to cognitive load. The 
final four principles assist the learner in integrating new knowledge by building connections that 
lead to deep, long-term learning with potential for future transfer (Mayer, 2008; 2011).  
Statement of the Problem 
Teacher education programs (TEPs) are the place where the capacity building of 
elementary teachers begins. Research has documented that TEPs’ mathematics methods course 
requirements vary, with some programs not requiring any mathematics methods courses and 




meeting the 2001 recommendation from the National Research Council (NRC) which suggested 
a minimum of nine credit hours in mathematics methods (Kilpatrick et al., 2001), or the 
recommendation of the Conference Board of Mathematical Science’s (CBMS) which was a 
minimum of twelve credit hours (CBMS, 2012). Therefore, with limited time, mathematics 
methods course instructors have a challenging task. To graduate PSTs who are ready to enter the 
classroom, mathematics methods instructors must design courses targeted to fill existing gaps in 
PSTs’ K-12 mathematics content knowledge (CBMS, 2012), whilst navigating and attempting to 
ease PSTs’ existing mathematics anxiety (Brady & Bowd, 2005; Jackson, 2015). On top of 
overcoming the two previously stated obstacles, within these courses, instructors are supposed to 
build PSTs’ pedagogical content knowledge for teaching mathematics (Ma, 2010).  
PST self-reporting has highlighted knowledge of the geometry content to be a particular 
area of weakness (Jones, Mooney & Harries, 2002). There is also an association that has been 
established between teacher knowledge and student achievement outcomes (Ball, Hill & Bass, 
2005; Hattie, 2009). Moreover, U.S. students’ performance in the domains of geometric shapes 
and measures having been unfavorable on international assessments, especially when it comes to 
applying and reasoning with the content (TIMSS, 2015; TIMSS, 2019). Therefore, there appears 
to be a need for improvement within these particular domains, and the selection and utilization of 
mathematics methods course content is critical if these courses are to prepare PSTs to enter 
elementary classrooms with the skill set to effectively teach mathematics, specifically within the 




Research within other content areas has documented that pre-service teachers receive 
inconsistent exposure to empirically proven scientific learning principles (Camara, 2019; 
Pomerance et al., 2016). Previous studies have searched for evidence of instructional principles 
from cognitive science by reviewing the textbooks and course syllabi of teacher education 
programs in educational psychology and instructional methods courses in both the United States 
(Pomerance et al., 2016), as well as in Flanders, and the Netherlands (Surma et al., 2018). A 
single study has investigated textbooks and course syllabi in reading methods courses in the State 
University System (SUS) of Florida (Camara, 2019). However, there is a gap in the literature 
regarding the presence of instructional principles from cognitive science and best practices for 
mathematics instruction within the required mathematics courses of elementary education TEPs.  
In an attempt to fill this gap, the problem investigated in this study concerned preservice 
teachers’ exposure to research-based pedagogical practices grounded in both cognitive learning 
theory and best-practices for mathematics instruction, specifically Mayer’s (2009; 2011) Science 
of Instruction Principles (SOIPs), as well as the National Council of Teachers of Mathematics’ 
eight high-leverage Mathematics Teaching Practices (MTPs).  
Purpose of the Study 
This quantitative content analysis investigated the intended curriculum (course syllabi) 
and written curriculum (textbooks) of undergraduate and bachelors-masters elementary 
education mathematics methods courses to determine the extent to which the National Council of 




(MTPs), Mayer’s Science of Instruction Principles (SOIPs), and additional theories of learning, 
instruction, and motivation, were embedded within geometry and measurement course content. 
Significance of the Study 
 With a focus on the geometry and measurement content of mathematics methods courses, 
this study is significant as it relates to student achievement in mathematics. International 
assessments have demonstrated that in the area of mathematics, U.S. elementary students are 
performing lowest in the area of geometric shapes and measures, with 57% of students 
performing below average in reasoning within this domain (TIMSS, 2015). Furthermore, this is 
an area of self-proclaimed PST weakness (Jones, Mooney & Harries, 2002). This study was 
significant because it aimed to fill a gap in the research by providing insight into PST exposure 
to highly effective instructional practices grounded in cognitive science and empirical research. 
Building off of that insight, mathematics methods instructors could use the results of this study to 
shape the extent to which they incorporate these practices and principles into future course 
content. Lastly, textbook authors could use the findings of this study to make decisions regarding 
the development and revision of mathematics methods textbooks.  
Definition of Terms 
Clusters: A grouping of standards that are closely related. (Common Core Standards Initiative, 
2010, p. 5) 
Domains: Domains are the broadest grouping of related standards. (Common Core Standards 




Instructional Message: As defined by Mayer (2009), an instructional message is “a 
communication that is intended to foster learning” (Mayer, 2009, p. 6).  
Instructional Method: A way of presenting information (Mayer, 2008, p. 51).  
Intended Curriculum: The “teachers plans for instruction” (Stein, Remillard, & Smith, 2007, p. 
321), operationalized as course syllabi (DeLuca & Bellara, 2013).  
Mathematical Proficiency: As defined by the National Research Council, mathematical 
proficiency is “conceptual understanding, procedural fluency, strategic competence, adaptive 
reasoning, and productive disposition” (Kilpatrick et al., 2001, p. 26). 
Mathematics Teaching Practices (MTPs): The National Council of Teachers of Mathematics’ 
eight high-leverage Mathematics Teaching Practices published in Principles to Actions: 
Ensuring Mathematics Success for All (NCTM, 2014).  
Multimedia Environment: Defined by Mayer (2009) as an environment “in which material is 
presented in more than one format, such as words and pictures” (p. 70).  
Science of Instruction (SOI): Based on the science of learning, the science of instruction refers to 
“the scientific study of how to help people learn” (Mayer, 2011, p. 3).  
Science of Learning (SOL): The science of learning refers to “the scientific study of how people 
learn” (Mayer, 2011, p. 3). 
Standards: A written statement declaring what students should “understand and be able to do” 
(Common Core Standards Initiative, 2010, p. 5).  
State University System (SUS) of Florida: The State University System of Florida consists of 




Written Curriculum: Course content written on a printed page, operationalized as textbooks 
(Stein et al., 2007; Max, 2018).  
Theoretical Framework 
Instructional strategies utilized by teachers have been found to directly affect the 
mathematics achievement of elementary school students (Ball, Hill & Bass, 2005; Hattie, 2009), 
and video content analysis of mathematics lessons has determined that a correlation does exist 
between mathematics achievement and the time that teachers dedicate to engaging learners in 
mathematical lessons requiring application and deep learning (TIMSS Video Mathematics 
Research Group, 2003.) To facilitate lessons that yield this deep learning, teachers should plan 
instruction with careful consideration of the cognitive processes that learners engage in during 
learning (Mayer, 2008).  
To date, no investigation has sought to determine the extent to which elementary PSTs 
are exposed to the Science of Instruction Principles and Mathematics Teaching Practices within 
mathematics methods course content. A model for informing course content was created to guide 
this research. This model incorporates two core constructs: 1) the Science of Instruction, which is 
based on Mayer’s (2008) Cognitive Theory of Multimedia Learning (CTML) and 2) NCTM’s 
eight high-leverage Mathematics Teaching Practices (MTPs). The model illustrates a lens 
through which teacher education programs could be influenced by cognitive science research. 
Following this theoretical framework, Mayer’s (2008) Cognitive Theory of Multimedia Learning 
and corresponding Science of Instruction Principles (SOIPs) should inform both the structure and 




to plan instructional activities with attention to three fundamental principles from cognitive 
science: learners receive information through two separate channels- the verbal and the pictorial 
channels (Paivio, 1971); cognitive capacity is limited and the working memory can process just a 
few words and pictures at one time (Miller, 1956); and learners are active processors who need 
to build connections between new information and prior learning in order for learning to result in 
long-term retention (Wittrock, 1989). 
According to Shulman (1986), it is critical for teachers to have pedagogical content 
knowledge. Therefore, the framework for this study included the National Council of Teachers 
of Mathematics eight high-leverage Mathematics Teaching Practices (MTP)s; these MTPs 
should inform the inclusion of course content for mathematics methods courses. With methods 
courses fully encompassing the MTPs and all course material aligned with Mayer’s CTML, there 
is potential for preservice teachers to graduate with the ability to engage students in learning that 
is deep and meaningful, with the potential to impact student achievement in mathematics. 
Displayed on the following page, Figure 1 provides a representation of the model, which served 
as the framework undergirding this study. 





This research study examined the extent to which the National Council of Teachers of 
Mathematics’(NCTM) eight high-leverage Mathematics Teaching Practices (MTPs) and Mayer’s 
(2008) Science of Instruction Principles (SOIPs) were present in undergraduate elementary 
education mathematics methods textbooks and course syllabi in the State University System 
(SUS) of Florida.  
Two research questions guided this study. The first research question targeted SUS of 
Florida institutions’ coverage of the NCTM’s eight high-leverage Mathematics Teaching 
Practices (MTPs) as well as Mayer’s (2008) Science of Instruction Principles (SOIPs) to 
determine if there was a difference in coverage. The four sub-questions of research question one 
evaluated SUS textbooks and course syllabi for coverage of the NCTM’s MTPs and Mayer’s 
SOIPs independently. To fairly assess SUS coverage of research-based instructional principles 
beyond the MTPs and SOIPs, the second research question allowed for the uncovering of 
additional research-based theories of learning, instruction, or motivation. All questions were 
explored within the context of course textbooks and course syllabi content within the areas of 
geometry and measurement.  
The following research questions guided this study. These are also displayed in Table 1 
on page 14, along with the dependent variables, independent variables, and method of analysis 




Research Question 1 
To what extent, if any, is there a difference between coverage of the National Council of 
Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics Teaching Practices (MTPs) 
and Mayer’s (2008) Science of Instruction Principles (SOIPs) in the State University System 
(SUS) of Florida’s Teacher Education Programs (TEPs) mathematics methods courses?  
Research Question 1a 
To what extent, if any, do the State University System (SUS) of Florida undergraduate 
elementary education mathematics methods courses’ textbooks include the National Council of 
Teachers of Mathematics’ (2014) eight high-leverage Mathematics Teaching Practices (MTPs)?  
Research Question 1b 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the National Council of Teachers of Mathematics’ 
(2014) eight high-leverage Mathematics Teaching Practices (MTPs)?  
Research Question 1c 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include Mayer’s (2008) Science of Instruction 




Research Question 1d 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s (2008) Science of Instruction Principles 
(SOIPs)?  
Research Question 2 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks and syllabi expose preservice teachers to additional 






Table 1:  
Research Questions, Variables, and Method of Data Analysis 
RQ RESEARCH QUESTIONS Quantitative  Construct  Method of Analysis 
1 To what extent, if any, is there a difference between coverage of the 
National Council of Teachers of Mathematics’ (NCTM) eight high-
leverage Mathematics Teaching Practices (MTPs) and Mayer’s Science 
of Instruction Principles (SOIPs) in the State University System (SUS) 








analysis, descriptive and 
inferential statistics 
 
1a To what extent, if any, do the SUS of Florida undergraduate elementary 
education mathematics methods courses’ textbooks include the National 
Council of Teachers of Mathematics eight high-leverage Mathematics 






analysis, descriptive and 
inferential statistics 
 
1b To what extent, if any, do the SUS of Florida undergraduate elementary 
education mathematics methods courses’ syllabi include the National 
Council of Teachers of Mathematics’ eight high-leverage Mathematics 






analysis, descriptive and 
inferential statistics 
 
1c To what extent, if any, do the SUS of Florida undergraduate elementary 
education mathematics methods courses’ textbooks include Mayer’s 





analysis, descriptive and 
inferential statistics 
 
1d To what extent, if any, do the SUS of Florida undergraduate elementary 
education mathematics methods courses’ syllabi include Mayer’s of 





analysis, descriptive and 
inferential statistics 
 
2 To what extent, if any, do the SUS of Florida undergraduate elementary 
education mathematics methods courses’ textbooks and syllabi expose 
preservice teachers to additional research-based theories of learning, 














There are limitations to this study. First, course instructors are the primary source of 
content knowledge for mathematics methods courses. This investigation did not consider the 
varying levels of expertise that these instructors contribute through classroom instruction. An 
additional limitation is that this investigation focused on the intended curriculum (course syllabi) 
and written curriculum (textbook). Course syllabi do not include all topics of that arise during 
classroom discussions, nor do they include the full array of classroom activities included in these 
courses. Courses studied in this investigation will most likely present content not included in the 
course syllabi.  
Delimitations 
 This study includes several delimitations. With the Trends in International Mathematics 
and Science Study demonstrating geometric shapes and measures to be the lowest domain for 
U.S. elementary students’ performance (TIMSS, 2015; 2019), the researcher only analyzed the 
sections in the textbooks that referred to geometry and measurement. Although the researcher 
examined all written communication within course syllabi, only content pertaining to geometry 





1. For this study, the researcher assumed that each bachelor’s level elementary 
education mathematics methods courses required a textbook and provided a course 
syllabus.  
2. It was assumed that the researcher would be able to locate course textbooks and 
syllabi through university websites or by directly contacting university 
representatives.  
3. The researcher assumed that course instructors utilized course syllabi as a form of 
communicating between themselves and PSTs, used to convey the subject matter 
content of the elementary education mathematics methods courses. 
Organization of the Study 
 This research study includes six chapters. The first chapter provides the background of 
the study, problem statement, purpose statement, significance of the study, definitions of key 
terms, theoretical framework, and research questions. Chapter Two includes a literature review 
that is relevant to this study. Chapter Three describes the methodology used to analyze the data. 
Chapter Four includes an analysis of the data answering the research questions that guided this 
study. Chapter Five included the results of additional analyses, and in Chapter Six, the researcher 




Summary of Chapter One 
 This aim of this study was to explore the degree to which undergraduate teacher 
education programs (TEPs) within the State University System (SUS) of Florida included the 
NCTM’s (2014) eight high-leverage mathematical practices (MTPs) and Mayer’s (2008) Science 
of Instruction Principles (SOIPs), based on a content analysis of required textbooks and course 
syllabi for methods courses that were offered in the Fall of 2019. The results of this research 
could be used to inform instructors as they make textbook selections and design course content 
for future courses. Furthermore, textbook authors may use the findings from this study to inform 
their decisions regarding content for the inclusion of empirically based learning principles in 






Introduction   
In this chapter, the researcher justified this investigation of preservice teachers’ exposure 
to instructional principles with scientific evidence of effect. The framework that was utilized for 
this research included Mayer’s (2009; 2011) Science of Instruction Principles (SOIPs), the 
Cognitive Theory of Multimedia Learning (CTML), and the eight highly effective Mathematics 
Teaching Practices (MTPs) as published by the National Council of Teachers of Mathematics 
(NCTM) in Principles to Actions: Ensuring Mathematics Success for All (2014). The researcher 
proposed that the SOIPs and the CTML should inform the content of teacher education programs 
(TEPs), and the MTPs should inform instructors’ decisions regarding the design of course 
content for undergraduate elementary education mathematics methods courses. Since the 
knowledge of the classroom teacher has a direct effect on student achievement (Ball, Hill & 
Bass, 2005; Hattie, 2009), this model for course design could potentially impact student 
achievement as PSTs graduate from their programs with content knowledge for teaching 
mathematics. Therefore, Chapter Two includes four major sections: (a) mathematics 
achievement, (b) mathematics instruction, (c) the Cognitive Theory of Multimedia Learning and 
the Science of Instruction, and (d) teacher education programs.  
Research has demonstrated a correlation between teaching practices, instructional design, 
and students’ mathematics achievement, (Clements, Agodini, & Harris, 2013; Hattie, 2009; 
NCTM, 2014; Hiebert & Grouws, 2007; Rittle-Johnson, 2006); and teaching that primes the 




term retention of knowledge (Mayer, 2008; 2009; 2011). However, no studies have focused 
specifically on the investigation of the extent to which PSTs are exposed to empirically based 
principles from cognitive science within mathematics methods course content pertaining to 
geometry and measurement.  
To complete this literature review, the researcher searched digital databases for scholarly 
literature, books, articles, and reports that applied to the major constructs of this study. The 
researcher used the following search terms: cognitive theory of multimedia learning, science of 
learning, science of instruction, learning sciences, mathematics education, mathematics 
instruction, mathematics teaching practices, teacher education, elementary education, 
mathematics methods courses, teacher preparation, preservice teachers, textbook studies, content 
analysis, mathematics achievement, geometry, and measurement. The researcher extended the 
search to include websites authored by the National Council of Teachers of Mathematics, the 
Florida Department of Education, the U.S. Department of Education, the State University System 
of Florida, the National Council for Teacher Quality, and the National Center for Education 
Statistics.  
When conducting the literature review, the researcher utilized multiple digital databases, 
including ACM Digital Library, Applied Science & Technology Source, Cambridge Core, Data 
Citation Index, Directory of Education Resources Information Center (ERIC), Open Access 
Journals, Google Scholar, Humanities Source, IEE Explore, Journal Storage (JSTOR), Psych 
Info, Science Direct, SciTech Premium Collection, Social Science Premium Collection, 




For each of the previously mentioned databases, the researcher conducted four separate 
phases of the literature search. Each phase corresponded to one of the primary constructs of the 
study: (a) mathematics achievement, (b) mathematics instruction, (c) Cognitive Theory of 
Multimedia Learning and the science of instruction, and (d) teacher education programs. 
Mathematics Achievement 
Elementary mathematics achievement in the United States is measured and compared 
internationally every four years, at the national level every two years, and at the state level each 
year. Recent international assessments have indicated a slight decrease in the mathematics 
achievement of U.S. fourth-grade students (TIMSS & PIRLS International Study Center, 2015a), 
while national assessments have indicated a slight increase (National Center for Education 
Statistics, 2017). Results of the 2019 Nation's Report Card indicated that more than half of 
American fourth-grade students did not perform at a proficient level in mathematics (National 
Center for Education Statistics, 2019), and despite one in nine students demonstrating advanced 
conceptual understanding, 19% of students lack a basic understanding (National Center for 
Education Statistics, 2019).  
To complete this section of the literature review, the researcher analyzed international 
and national standardized assessment results from 1995 to 2019. These assessments included the 
Trends in International Mathematics and Science Study (TIMSS), the National Assessment of 
Educational Progress (NAEP), and the Florida Standards Assessment (FSA). To align with the 




Achievement results specific to the domain of geometry and measurement were emphasized, as 
were the results of students’ performance on tasks of varying cognitive complexity.  
U.S. Mathematics Achievement  
This section sites the results of two mathematics assessments, the Trends in International 
Mathematics and Science Study and the National Assessment of Educational Progress. The 
historical student achievement results for each assessment were discussed based on geometry and 
measurement content knowledge. Geometry and measurement results were further broken down 
based on students’ cognitive performance.  
The Trends in International Mathematics and Science Study (TIMSS) has administered 
an international assessment of mathematics achievement every four years since the year 1995 
(Mullis, Martin, & Loveless, 2016). The TIMSS framework is described as two-dimensional, 
meaning that it assesses not only subject-matter content knowledge, but also assesses students’ 
ability to complete cognitively demanding mathematical tasks (Gronmo, Lindquist, Arora, & 
Mullis, 2015). Possible TIMSS scores range from 0 to 1,000, with 500 being the center point 
(TIMSS & PIRLS, 2015a). The U.S did not participate in the TIMSS assessment in 1999. In 
2001, the National Assessment of Educational Progress (NAEP) also began testing the 
mathematical proficiency of fourth-grade students from all states on a bi-annual basis (National 
Center for Education Statistics, 2019b). Like the TIMSS assessment, the NAEP measures both 
mathematical content and mathematical complexity (National Assessment Governing Board, 
2019). NAEP mathematics scores fall within a scale of 0-500 (National Assessment of 




Both the TIMSS and NAEP assessments measure students’ content mastery, but each test 
divided the content differently. Fourth-grade TIMSS assessments contain the three content 
domains of 1) number, 2) geometric shapes and measures, and 3) data display (Gronmo et al., 
2015); whereas, the fourth-grade NAEP assessment measures the five content areas of 1) number 
properties and operations, 2) measurement, 3) geometry, 4) data, analysis, statistics, and 5) 
algebra, (National Assessment Governing Board, 2019). For both the TIMSS and the NAEP 
assessments, 35% of test items fall within geometry and measurement (National Assessment 
Governing Board, 2019; Gronmo et al., 2015).  
In addition to content, cognitive complexity is measured by both the TIMSS and the 
NAEP assessments. The TIMSS assessment labels three levels of cognitive complexity as 1) 
knowing-comprising 40% of test items, 2) applying-comprising 40% of test items, and 3) 
reasoning- comprising 20% of test items (Gronmo et al., 2015). Similarly, the NAEP also 
consists of three levels of mathematical complexity, labeled as 1) low complexity- comprising 
25% of test time, 2) moderate complexity-comprising 50% of test time, and 3) high complexity-
comprising 25% of test time (National Assessment Governing Board, 2019).  
A broad and recent view of national mathematics achievement demonstrates little change 
in the performance of U.S. fourth-grade students. The 2015 TIMSS results (M = 539) 
demonstrated a slight, but not significant decrease in student achievement since 2011 (M = 541) 
(TIMSS & PIRLS International Study Center, 2015a). From 2015 to 2017, the National 
Assessment of Educational Progress (NAEP) demonstrated that fourth-grade students’ 




increase of zero (National Center for Education Statistics, 2017). When compared to the 2017 
NAEP results, the national average did improve by one point in 2019 (M = 241), which was 
considered a significant increase from the 2017 score (p < .05). However, when compared to 
2015, students’ 2019 results were not significantly different (National Center for Education 
Statistics, 2017). Additionally, according to the 2019 Nation's Report Card, 59% of American 
fourth-grade students performed at a less than proficient level in mathematics. Only 41% of U.S. 
fourth-grader students demonstrated proficiency. Furthermore, 19% of students performed at a 
below basic level (National Center for Education Statistics, 2017).  
Although the assessment results of recent years have teeter-tottered, and despite a slight 
drop in 2015, historical results of the Trends in International Mathematics and Science Study 
have shown a steady and significant increase in mathematics achievement for U.S. fourth-grade 
students from 1995 to 2011, see Figures 2 and 3 (Mullis et al., 2015). 
Figure 2: US Fourth-Grade TIMSS Performance 1995-2015  







Figure 3: US TIMSS Performance, Difference Between Years 
Source: Trends in International Mathematics and Science Study – TIMSS 2015 (Mullis et al., 
2015) 
The TIMSS mathematics assessment divided fourth-grade questions into three content 
domains: 1) numbers, 2) geometric shapes and measures, and 3) data. Within those three 
domains, questions ranged in cognitive complexity, categorized as 1) knowing, 2) applying, and 
3) reasoning. For cognitive complexity, the test questions included questions of knowing (40%), 
applying (40%), and reasoning (20%). Table 2 displays the cognitive and content domain scores 
of U.S. fourth-grade students from 2007, 2011, and 2015.  
Table 2: 
Fourth-Grade TIMSS results for the U.S. 2007, 2011, and 2015 
  Cognitive Domain  Concept Domain 
Year Scale Score Knowing Applying Reasoning  Number Geometry Data 
2015 539 547 537 531  546 525 540 
2011 541 556 539 525  543 535 545 





National Cognitive Performance 
Based on 2015 results, U.S. fourth-grade students maintained the highest performance 
within the cognitive domain for knowing basic facts (TIMSS & PIRLS, 2015b). For the cognitive 
domains of applying and reasoning, U.S. performance has remained consistently below the 
overall U.S. mathematics mean scale scores since 2007 (Mullis et al., 2012; TIMSS & PIRLS 
International Study Center, 2015b). Reasoning scores were the only scores within the cognitive 
domains that have progressively increased since 2007. The increases in reasoning from 2007 to 
2011 and again from 2011 to 2015 happened to fall at the same time as the release of the 2010 
Common Core State Standards of Mathematics, which called for increased rigor and greater 
emphasis on developing a deeper understanding (CCSSM, 2019).  
Despite the promising growth in students’ ability to reason, when 2015 TIMSS data were 
analyzed for percentage of questions answered correctly, students had better success answering 
questions requiring knowing (65%), than with applying (54%), or reasoning (47%). These results 
demonstrate U.S. students’ strengths in knowing surface level material and provide further 
evidence that they struggle to apply or reason with the content (Mullis et al., 2012; TIMSS & 
PIRLS International Study Center, 2015a; TIMSS & PIRLS International Study Center, 2015b), 
thus demonstrating a lack of the deep conceptual understanding targeted by CCSSM standards 
(CCSSM, 2019).  
National Content Knowledge for Geometry and Measurement  
Within the content domains, TIMSS includes the content domains of number, geometric 




comprised 35% of the 2015 TIMSS mathematics assessment (Gronmo, Lindquist, Arora, & 
Mullis, 2015). Within geometric shapes and measures, students were required to measure, 
estimate, draw, identify, locate, compare, classify, and recognize points, lines, and angles, as 
well as describe, compare, determine relationships, calculate perimeter and area, and estimate 
volume with two-and three- dimensional shapes (Gronmo et al., 2015, p. 15), which are skills 
that aligning to the CCSSM standards (CCSSM, 2019).  
Given the close alignment between the TIMSS mathematics assessment test items, the 
Common Core Standards of Mathematics, the 2015 TIMSS results provide essential data for U.S. 
educators regarding the effectiveness of their instructional messages in geometry and 
measurement. For the U.S., test content mastery was highest in the domains of number (57%) 
and data display (65%) and lowest in geometric shapes and measures (52%). Furthermore, 
results for the domain of geometric shapes and measures (M = 525) were significantly lower 
than students’ overall mathematical proficiency scores (M = 539), with an average difference of 
14 between the mean scale scores (MD = 14) (TIMSS & PIRLS International Study Center, 
2015a). In 2015, the geometric shapes and measures gap had widened since the 2011 assessment 
when the mean difference was only six (MD = 6) (Mullis, Martin, Foy, & Arora, 2012).  
National Cognitive Performance within Geometric Shapes and Measures 
 The content domain of geometric shapes and measures comprised 35% of the 2015 
TIMSS mathematics assessment, and within that domain, questions demanded different levels of 
cognitive complexity. There were 59 questions within geometric, shapes, and measures, 27 




dimensional shapes. For each question, the 2015 TIMSS framework provided a depth of 
cognitive complexity as well as the percent of correctness for each participating country or 
benchmarking participant (TIMSS & PIRLS, 2015). Table 3 displays overall U.S. student 
performance within the cognitive domains. Information from this table provides reference 






2015 TIMSS Mathematics Cognitive Performance of US Students in Comparison to International: U.S. Cognitive Performance 





U.S Fourth-Grade 2015 TIMSS Mathematics Results: Geometric Shapes and Measures Percent Answered Correctly in Comparison to 
International Averages 
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Within the geometric shapes and measures subdomain of points, lines, and angles, all 
questions required either knowing or applying the tested geometric concepts (TIMSS, 2015). In 
42.9% of the knowing questions, U.S. students performed significantly above the national 
average (See Table 3). The questions included parallel lines, right angles, identifying parallel 
sides, identifying angles in a diagram, distance between points on a number line, and meeting 
halfway on a number line, see Table 4. Based on these results, one could conclude that U.S. 
students had a strong knowledge base in lines and angles.  
Table 4:  
Above Average 2015 US TIMSS Results for Knowing Points, Lines, and Angles 










M041135 Parallel lines 91 78 Sig. Above 
M051224 Shape with a right angle 79 64 Sig. Above 
M061080 Identify parallel sides 47 36 Sig. Above 
M061095 Identify angle types from a diagram in a table 60 53 Sig. Above 
M061222 Distance between points on a number line 64 59 Sig. Above 
M061223 Meet halfway on a number line 72 68 Sig. Above 
M051216B Perpendicular streets 78 77 Above 
M061236 Identify acute angles in figure 47 44 Above 
 
 However, as displayed in Table 5 below, for the 6 out of 14 questions requiring knowing 
points, lines, and angles, U.S. students’ mastery was significantly below the international 
average. The knowledge required for these specific questions included four questions on the 
topic unit of length and two questions about the length of a line in cm. Based on these results, 




Table 5:  
Significantly Below Average 2015 US TIMSS Results for Knowing Points, Lines, and Angles 








M051061A Unit of Length  30 41 Sig. Below 
M051061B Unit of Length 46 77 Sig. Below 
M051061C Unit of Length 43 73 Sig. Below 
M051061Z Unit of Length 18 35 Sig. Below 
M051217 Length of the Line in cm 22 33 Sig. Below 
M061207 Length of a line on a ruler 35 49 Sig. Below 
 
The 2015 TIMSS Mathematics Assessment required students to answer thirteen questions 
that required applying concepts from points, lines, and angles. The results for these questions are 
displayed in Table 6 below. On five of the questions within this category, U.S. students 
performed significantly higher than the national average and demonstrated a superior ability to 
apply knowledge of acute, obtuse, and right angles, parallel lines, and endpoints. Students were 
also above the international average when asked to draw a line with a given length, measure the 
length in tiles, and locate a treasure on a grid.  
Table 6:  
Above Average 2015 US TIMSS Results for Applying Points, Lines, and Angles 








M051079 Draw angles less than a right angle 55 43 Sig. Above 
M051216A Street parallel to Green Street 68 51 Sig. Above 
M061185 Time, reading the hands of a clock 75 69 Sig. Above 
M061224 Draw angle larger than a right angle 57 37 Sig. Above 
M061265A Determine endpoint 43 38 Sig. Above 
M041132 Measure length in tiles 46 43 Above 
M041267 Draw a line with given specification 35 34 Above 





However, for 38.5% of the applying questions within points, lines, and angles, U.S. 
students performed lower than the international average, with 15.4% significantly below, see 
Table 7. Although U.S. students performed significantly above the international average in their 
knowledge of identifying parallel and perpendicular lines, their inability to apply that knowledge 
was also statistically significant. Similarly to their lack of knowledge for units of length, U.S. 
students performed significantly lower than other countries for estimating length. Labeling points 
and endpoints were also weak areas of application for U.S. students.   
Table 7: 
Below Average 2015 US TIMSS Results for Applying Points, Lines, and Angles 








M061081A Draw a parallel line 26 30 Sig. Below 
M061081B Draw a perpendicular line 18 26 Sig. Below 
M061206 Estimate path length 34 40 Sig. Below 
M061261 Label points on a path 25 27 Below 
M061265B Endpoint 31 35 Below 
 
National Cognitive Performance within Two- and Three-Dimensional Shapes 
 For the topic of two- and three-dimensional shapes, 2015, TIMSS questions were 
categorized as knowing, applying, and reasoning. In knowing, U.S. fourth-grade students 
performed above average for 87.5% of the questions. Of that, 62.5 %, or 5 out of 8 questions, 
were considered significantly above the international average. Students demonstrated proficiency 
in knowing statements about rectangles and triangles, knowing how to identify symmetry, as well 
as identifying shapes and their reflections. Overall U.S. students excelled in their ability in 




cube, which is the only question out of 8 (12.5%) where U.S. students performed significantly 
lower than the international average. These results are displayed in Tables 8 and 9 below.  
Table 8: 
Above Average 2015 US TIMSS Results for Knowing Two- and Three-Dimensional Shapes 








M041257 Statements about a rectangle 56 44 Sig. Above 
M051060 Which shape has symmetry 60 50 Sig. Above 
M051207 Shape with 2 kinds of symmetry 64 54 Sig. Above 
M051221 Number of triangles needed 82 73 Sig. Above 
M051410 Statements about the triangles 57 48 Sig. Above 
M041169 Shape and its reflection 62 59 Above 
M041302A What shape is made 76 74 Above 
 
Table 9:  
Significantly Below Average 2015 US TIMSS Results for Knowing Two- and Three-Dimensional 
Shapes 









M041254 How many edges does the cube have 52 58 Sig. Below 
 
 Regarding cognitive complexity, the 2015 TIMSS assessment included 12 applying 
questions within the topic of two- and three-dimensional shapes. Table 10 displayed the results 
for applying within two-and three-dimensional shapes; for this category, U.S. students 
performed above the national average on 8 questions (66.7%), five of which (41.7%) were 
considered significantly above the international average. U.S. students demonstrated significant 
strengths in drawing lines of symmetry, finding the area of a given rectangle, determining shapes 




Students were also above average in their ability to find the perimeter of a compound figure and 
the length of one side of a figure.  
Table 10:  
Significantly Above Average 2015 US TIMSS Results for Applying Two- and Three-Dimensional 
Shapes 








M041165 Draw all the lines of symmetry 52 33 Sig. Above 
M051102 Area of the given rectangle 56 43 Sig. Above 
M051407 Shape made of triangle & rectangle 66 59 Sig. Above 
M061266 Triangles and squares, 3D shapes 27 25 Sig. Above 
M061269 Identify solid with top and bottom  76 64 Sig. Above 
M041153 Perimeter of the compound figure 57 55 Above 
M041264 What is the area of the triangle 57 54 Above 
M041268 What is the length of side A 39 37 Above 
 
 Although U.S. students scored above the international average on a single question 
requiring them to apply knowledge to find the area of a triangle, they scored significantly lower 
than the international average on a second question requiring the application of the same skill. 
Given this discrepancy and the lack of further questions requiring students to apply their 
knowledge to find the area of a triangle, one cannot determine whether this skill is a strength or a 
weakness for U.S. students. They also scored lower than the international average for finding the 
perimeter of a triangle. Other demonstrated weaknesses that were found to be statistically 
significant involved the determination of how many cubes fill a box and finding the reflection of 
a given shape. In total, U.S. students performed significantly below average on 25% of the 
applying questions. The results for the 2015 TIMSS questions requiring students to apply their 




Table 11:  
Significantly Below Average 2015 US TIMSS Results for Applying Two- and Three-Dimensional 
Shapes 








M041262 What is the area of the triangle 36 40 Sig. Below 
M041333 How many cubes are in the box 36 43 Sig. Below 
M051059 Reflection of the given shape 73 78 Sig. Below 
M051427 Find the perimeter of the triangle 38 40 Below 
 
 For the 2015 TIMSS Mathematics Assessment, reasoning questions required the most 
significant level of cognitive complexity required of students. Within the topic of two- and three-
dimensional shapes, as displayed in Table 12, a total of 12 questions required students to reason 
with their geometry knowledge. U.S. students performed above the international average on 
41.6% of the reasoning questions for two-and three-dimensional shapes, with 33.3% of those 
questions considered significantly above the international average. Students' strengths included 
reasoning with knowledge of volume, rules for sorting shapes, perspectives of 3D shapes, and 
drawing a shape with six sides. 
Table 12:  
Significantly Below Average 2015 US TIMSS Results for Reasoning with Two- And Three-
Dimensional Shapes 








M051129 Solid with the largest volume 69 64 Sig. Above 
M051502 Rule to sort the shapes 41 35 Sig. Above 
M061076 Sandra's model for a decorated cube 65 60 Sig. Above 
M061077 View of building from above 60 56 Sig. Above 





 Based on cognitive complexity results, U.S. students’ weaknesses in reasoning with two- 
and three-dimensional shapes outweighed their strengths. As displayed in Table 13, students’ 
performance on 58.4% of the reasoning questions fell below the international average, and 
41.7% of those low scores were considered statistically significant. The U.S. demonstrated 
significant weakness in reasoning with three-dimensional shapes, the general topic of all five 
reasoning questions where U.S. performance fell significantly below the international average. 
Other weaknesses included reasoning with perimeter and determining points to connect.  
Table 13:  
Below Average 2015 US TIMSS Results for Reasoning with Two- and Three-Dimensional Shapes 








M041151 Shape makes a cube when folded 62 66 Sig. Below 
M051115 Shape that folds into a box 21 28 Sig. Below 
M051211 View of solid shape from above 61 65 Sig. Below 
M051533 How many books will fill the box 42 47 Sig. Below 
M061108 Hexagonal box 44 49 Sig. Below 
M041302B What points did you connect 55 58 Below 
M051093 Perimeter of the given shape 43 54 Below 
Florida Mathematics Achievement 
Florida’s student achievement measures include international, national, and state 
assessment data. In 2007, 2011, and 2015, Florida participated in the TIMSS assessment as a 
benchmarking participant (TIMSS, 2007; 2011; 2015). Florida participated in the NAEP 
assessment in 1996, as well as every odd calendar year from 2003 to 2019 (NAEP, 2019), and at 
the state level, the Florida Standards Assessment (FSA) has been administered each spring since 




As evidenced in Figure 4,  longitudinal results from the National Assessment of 
Educational Progress (NAEP) indicate a slight but steady improvement for Florida’s fourth-
grade mathematics performance from 2011 (M = 240) to 2019 (M = 246), during a time when the 
national average remained stagnant (National Assessment of Educational Progress, 2011; 2013; 
2015; 2017; 2019a). Moreover, recent FSA results demonstrated an increase in overall 
mathematics achievement for grades 3-5, with 61% scoring level 3 or higher in 2018 and 62% in 
2019 (Florida Department of Education, 2019c). However, the 2019 FSA results indicated that a 
large percentage of Florida’s students in third-through fifth-grade were still performing at either 
an inadequate (21%) or below satisfactory achievement level (17%) in mathematics, labeling 
them as “highly likely or likely to need substantial support for the next grade” (Florida 
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Figure 4: Florida's Historical Performance on the National Association of Educational Progress 
(NEAP) Assessment 
The 2011 and 2015 TIMSS assessments included Florida as the only U.S. state to be a 
benchmarking participant. In 2015, Florida’s fourth-grade students scored higher overall than the 
rest of the U.S. nation (Mullis et al., 2015). Florida also demonstrated a slight increase in student 




domain scores of Florida fourth-grade students for the years 2011 and 2015. This table will serve 
as a reference for the following paragraphs.  
Table 14:  
Florida’s 2011 and 2015 TIMSS Results 
 
Florida’s Cognitive Performance 
  Florida’s results indicated that reasoning was the weakest area of cognitive performance 
on both the 2011 and 2015 TIMMS assessments. In 2015, Florida students answered 48% of the 
reasoning questions correctly, earning a mean scale score of 534 in reasoning. Florida’s score 
slightly higher than that of the U.S. (M = 531) (TIMSS & PIRLS, 2015). A comparison of U.S. 
and Florida TIMSS results are displayed in Appendix A. This data is presented in the following 
paragraphs.  
Like the U.S., Florida elementary students demonstrated strength in knowing (M = 555) 
and applying (M = 545). Since 2011, Florida students demonstrated growth in the domains of 
applying (MD = 2) and reasoning (MD = 11), but performance in knowing (M = 555) had 
decreased since the 2011 assessment (M = 568) (TIMSS & PIRLS, 2015). Despite the decrease, 
student performance in knowing remained significantly higher than the overall mathematics scale 
score (M = 546) in 2015. These results indicated that Florida students were stronger with their 
  Cognitive Domain  Concept Domain 




2015 546 555 545 534  556 529 541 




basic recall of mathematics and weaker with their ability to apply and reason within 
mathematics.  
Florida Content Knowledge in Geometry and Measurement 
The 2019 National Assessment of Educational Progress (NAEP) demonstrated a slight 
drop in Florida fourth-grade students’ geometry achievement scores (MD = 1) compared to 2017 
(U.S. Department of Education IES, 2019). Although there has not been a significant change in 
Florida’s performance since 2011, Florida continued to perform higher than the U.S., where the 
national average in geometry had continually dropped since 2011. Additionally, within the 
domain of measurement Florida has demonstrated continual improvement.  
Florida Cognitive Performance within Geometry and Measurement 
 Much like the U.S., 2015 TIMSS results indicated that Florida students demonstrated 
weakness in knowing, applying, and reasoning with geometric shapes and measures when 
compared to the domains of numbers and data, (TIMSS & PIRLS, 2015). Table 15 details the 
cognitive performance of Florida’s fourth-grade students on the 2105 TIMSS Mathematics 





Table 15:  
Florida 2015 TIMSS Mathematics Assessment Percent of Mastery, Fourth-Grade Results  
 
Florida Fourth-Grade 2015 TIMSS Mathematics Results: Geometric Shapes and Measures Percent Answered Correctly in Comparison to 
International Averages 
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Florida’s Cognitive Performance within Points, Lines, and Angles 
Within the topic of points, lines, and angles, the 2015 TIMSS questions were categorized 
by cognitive complexity as questions of knowing or applying (TIMSS, 2015). Identical to the 
U.S. results, Florida students performed significantly above the international average on 42.9% 
of the knowing questions. These results are displayed in Table 16. Florida’s results mimicked the 
U.S. results for questions including parallel lines, right angles, identifying parallel sides, 
identifying angles in a diagram, and meeting halfway on a number line. Similarly, Florida 
students evidenced a strong knowledge base in lines and angles.  
Table 16:  
Above Average 2015 Florida TIMSS Results for Knowing Points, Lines, and Angles 










M041135 Parallel lines 91 78 Sig. Above 
M051224 Shape with a right angle 84 64 Sig. Above 
M061080 Identify parallel sides 44 36 Sig. Above 
M061095 Identify angle types from diagram in a table 75 53 Sig. Above 
M061223 Meet halfway on a number line 73 59 Sig. Above 
M061236 Identify two acute angles in a figure 56 68 Sig. Above 
M051216B Perpendicular to Apple Street 79 77 Above 
 
 Again, like the U.S., Florida’s mastery was significantly below the international average 
for 42.9% of the questions that required knowing points, lines, and angles. The knowledge 
required for these specific questions included four questions on the unit of length and two 
questions about the length of a line in cm. Florida scored lower than the U.S. for measuring the 




weakness in knowing points, lines, and angles, with precisely 50% of test questions in this 
category falling below the international average. These data are displayed in Table 17.  
Table 17:  
Below Average 2015 Florida TIMSS Results for Knowing Points, Lines, and Angles 








M051061A Unit of Length  32 41 Sig. Below 
M051061B Unit of Length 48 77 Sig. Below  
M051061C Unit of Length 45 73 Sig. Below 
M051061Z Unit of Length 18 35 Sig. Below  
M051217 Length of the Line in cm 20 33 Sig. Below 
M061207 Length of line in ruler 33 49 Sig. Below  
M061222 Distance between two points  58 59 Below 
 
 Regarding applying concepts within the topic of points, lines, and angles, the 2015 
TIMSS assessment included 13 questions; Florida students performed significantly higher than 
the national average on 4 of those questions (30.8%). Much like the U.S., Florida students 
demonstrated the knowledge of acute, obtuse, and right angles and parallel lines, as well as the 
ability to apply that knowledge by drawing various angles. Florida students were also above the 
international average measuring length in tiles, locating a treasure on a grid, and determining an 
endpoint. For estimating a path length, Florida students performed right at the international 
average. Overall, Florida students were at or above average on 61.5% of the applying questions 





Table 18:  
Above Average 2015 Florida 2015 Results for Applying Points, Lines, and Angles 








M051079 Draw angles less than a right angle 65 43 Sig. Above 
M051216A Street parallel to Green Street 74 51 Sig. Above 
M061185 Time, reading the hands of a clock 80 69 Sig. Above 
M061224 Draw angle larger than a right angle 64 37 Sig. Above 
M041132 Measure length in tiles 46 43 Above 
M051236 In what square is the treasure 51 48 Above 
M061265A Determine endpoint 42 38 Above 
M061206 Estimate path length 40 40 Average 
 
 As displayed in Table 19, Florida students performed below average on 38.5% of the test 
questions requiring applying within points, lines, and angles. Of those questions, 15.4% were 
significantly below the international average. Student were successful with knowing various 
angles and identifying lines, but they were not successful in applying that knowledge. Florida 
students were significantly below the international average when asked to draw lines, and below 
average when asked to draw a line with given specifications. Florida students were more 
successful than U.S. students in estimating path length. However, similarly to the U.S., labeling 
points and endpoints were also weak areas within the cognitive domain requiring application.  
Table 19:  
Below Average 2015 Florida Results for Applying Points, Lines, and Angles 








M061081A Draw a parallel line 22 30 Sig. Below 
M061081B Draw a perpendicular line 16 26 Sig. Below 
M041267 Draw line with given specification 30 34 Below 
M061264 Label points on a path 24 27 Below 





Florida’s Cognitive Performance within Two- and Three-Dimensional Shapes 
 For the topic of two- and three-dimensional shapes, 2015, TIMSS questions were 
categorized as knowing, applying, and reasoning. In knowing, Florida students performed above 
the international average for 75% of the questions, and that strength was statistically significant 
for 62.5% of those questions. Much like the U.S., Florida students demonstrated proficiency in 
knowing statements about rectangles and triangles, knowing how to identify symmetry, as well as 
identifying shapes and their reflections. Also, like the U.S., Florida was significantly below the 
national average for recognizing the number of edges, demonstrating lower performance than the 
U.S. national average. These data are displayed in Tables 20 and 21.  
Table 20:  
Above Average 2015 Florida Results for Knowing Two- and Three-Dimensional Shapes 








M041257 Statements about a rectangle 63 44 Sig. Above 
M051060 Which shape has symmetry 75 50 Sig. Above 
M051207 Shape with two kinds of symmetry 70 54 Sig. Above 
M051221 Number of triangles needed 80 73 Sig. Above 
M051410 Statements about the triangles 61 48 Sig. Above 
M041169 Shape and its reflection 60 59 Above 
 
Table 21:  
Below Average 2015 Florida Results for Knowing Two- and Three-Dimensional Shapes 








M041254 How many edges does the cube have 49 58 Sig. Below 





 In 2015, the TIMSS assessment included 12 questions assessing students’ ability to apply 
their knowledge of two- and three-dimensional shapes. Florida scores were above the 
international average for six questions (53.9%), of which on performance on five questions 
(30.8%) was significantly above average. Florida’s students demonstrated significant strengths in 
drawing lines of symmetry, finding the area of a given rectangle, determining shapes made from 
triangles and rectangles, and identifying solids. Florida students did not perform as well as U.S. 
students in applying concepts of 3D shapes but outperformed the U.S. for determining the length 
of the given side. Again, like the U.S., Florida students were also above average in their ability to 
find the perimeter of a compound figure but had a slightly smaller mean percentage of mastery 
(MD = 2). These data are displayed in Table 22.  
Table 22:  
Above Average 2015 Florida Results for Applying Two- and Three-Dimensional Shapes 








M041165 Draw all the lines of symmetry 69 33 Sig. Above 
M041268 What is the length of side A 47 37 Sig. Above 
M051102 Area of the given rectangle 60 43 Sig. Above 
M051407 Shape made of triangle & rectangle 71 59 Sig. Above 
M061269 Identify solid with top and bottom  71 64 Sig. Above 
M041153 Perimeter of the compound figure 57 55 Above 
 
 In questions requiring deeper cognition, Florida students were only able to apply 
knowledge of two- and three-dimensional shapes on 50% of the questions. Finding the area of a 
triangle was a weakness. Also, like U.S. students, Florida’s students demonstrated a significant 
weakness in determining how many cubes fill a box. They also demonstrated below-average 




requiring application than the U.S. students (33.3%). However, Florida only demonstrated 
significant weakness in 16.7% of the questions, unlike the U.S’ 25%.  
Table 23:  
Below Average Florida TIMSS Results for Applying Two-and Three-Dimensional Shapes 








M041262 What is the area of the triangle 29 40 Sig. Below 
M041333 How many cubes are in the box 34 43 Sig. Below 
M041264 What is the area of a triangle 51 54 Below 
M051059 Reflection of the given shape 74 78 Below 
M051427 Find the perimeter of the triangle 38 40 Below 
M061266 Triangles and squares for 3D shapes 23 25 Below 
 
 Reasoning questions required the deepest level of cognition. Within the topic of two- and 
three-dimensional shapes, there were 12 questions requiring students to reason with their 
geometry knowledge. The cognitive domain of reasoning presented a gap between U.S. students, 
who successfully reasoned with 41.6% of the two and three-dimensional shapes questions, and 
Florida students, who demonstrated successful reasoning on only 16.6% of the questions. U.S. 
students were able to reason with volume, rules for sorting shapes, perspectives of 3D shapes, 
and drawing a shape with six sides. However, Florida scores were only at or above average with 
3 of the 12 reasoning questions, including rules for sorting shapes, determining solids with the 





Table 24:  
Above Average 2015 Florida TIMSS Results for Reasoning with Two- and Three- Dimensional 
Shapes 








M051502 Rule to sort the shapes 42 35 Sig. Above 
M051129 Solid with the largest volume 70 64 Above 
M061077 View of building from above 56 56 Average 
 
 Florida students’ weakness in reasoning with two- and three-dimensional shapes 
outweighed their strengths, with 75% of their responses falling below the international average, 
and 41.7% of those responses being significantly below. Florida students demonstrated 
significant weaknesses reasoning in questions with models, views, nets, and volume of three-
dimensional shapes, including cubes and boxes. Other weaknesses included reasoning with 
perimeter and reasoning with two- and three-dimensional hexagons. These data are displayed in 
Table 25.  
Table 25:  
Below Average 2015 Florida TIMSS Results for Reasoning with Two- and Three-Dimensional 
Shapes 








M041151 Shape makes a cube when folded 58 66 Sig. Below 
M051093 Perimeter of the given shape 35 54 Sig. Below 
M051115 Shape that folds into a box 21 28 Sig. Below 
M051211 View of solid shape from above 56 65 Sig. Below 
M051533 How many books will fill the box 40 47 Sig. Below 
M041302B What points did you connect 53 58 Below 
M041302C Draw a six-sided shape 63 61 Below 
M061108 Hexagonal box 49 49 Below 






The results of the TIMSS international mathematics assessment demonstrate that 
elementary students in the United States perform lower in the domains of geometric shapes and 
measures than any other mathematics domains (Mullis et al., 2015). Within geometric shapes 
and measures, students are not proficient in applying and reasoning with the content. Given the 
strong correlation between the domains of geometry and measurement and career paths requiring 
a solid foundation in science, technology, engineering, and mathematics (STEM) (Newcombe, 
2010), and the nation-wide push for college and career readiness (CCSSM, 2010: NCTM, 2014), 
there is a need for improvement in students’ mastery of geometry and measurement . Since 
teacher knowledge directly affects student achievement (Ball, Hill & Bass, 2005; Hattie, 2009), 
these results indicate a need to increase teacher effectiveness in teaching geometry and 
measurement.  
The 2010 release of the Common Core Standards of Mathematics (CCSSM, 2019), which 
called for an increase in learning tasks with cognitive complexity and classrooms environments 
demanding more rigor, came right before increases in U.S. student achievement in mathematics 
(TIMSS, 2011: TIMSS, 2015). However, on these assessments, students continue to demonstrate 
surface-level understanding of mathematics, much like that evidenced in the TIMSS Video 
Research Study (TIMSS Video Mathematics Research Group, 2003). Furthermore, students 
remain weak in geometric shapes and measures, and many students cannot apply and reason 
with the geometry and measurement knowledge that they do have. Therefore, there is a need for 




learning for students (NCTM, 2014). Such instruction is possible when the science of instruction 
is incorporated in classrooms (Mayer, 2009; 2011).  
The results of TIMSS assessments reinforce studies that have shown U.S. teachers 
placing an increased emphasis on practicing routine procedures (TIMSS Video Mathematics 
Research Group, 2003). Furthermore, with FSA results indicating that 38% of Florida’s students 
demonstrate a need for substantial support in the following grade level (Florida Department of 
Education, 2019d), teachers must be equipped with instructional strategies with the potential to 
fill mathematics gaps and make the current curriculum accessible to students  (NCTM, 2014; 
Mayer, 2011). Instruction of this caliber requires pedagogical content knowledge that is 
specialized for effective mathematics instruction (Ma, 1999; Shulman, 1986) 
Mathematics Instruction 
In her dissertation, Liping Ma (1999) concluded that U.S. teachers lacked the depth of 
mathematical knowledge for teaching demonstrated by Chinese teachers. U.S. elementary 
students’ mathematics achievement reflects these findings, with students demonstrating 
significant weaknesses in applying and reasoning within mathematics (TIMSS, 2015). With 
evidence that instructional practices have the potential to deepen students’ conceptual 
understanding of mathematics (Ball, Thames, & Phelps, 2008; Clements, Agodoni, & Harris, 
2013, Kilpatrick et al., 2001), there is a need to improve teachers’ ability to utilize teaching 




In 1986, Lee Shulman and colleagues introduced pedagogical content knowledge (PCK), 
an innovative conceptualization of the type of knowledge that effective teachers should 
exemplify. They described PCK as including:  
the most useful ways of representing and formulating the subject that make it 
comprehensible to others…understanding what makes learning a specific topic easy or 
difficult: the conceptions and preconceptions that students of different ages and 
backgrounds bring with them to the learning of those most frequently taught topics and 
lessons. (p. 9)  
Ma’s (2010) Knowing and Teaching Elementary Mathematics described U.S. teachers’ 
knowledge of mathematics as fragmented and procedural, while the mathematical knowledge of 
Chinese teachers was described as profoundly coherent and interconnected (p. 92). In 2008, Ball, 
Thames, & Phelps extended Shulman’s PCK by introducing the notion of specialized content 
knowledge (SCK), which they described as the “mathematical knowledge needed to carry out the 
work of teaching mathematics” (p. 395).  
In 1986, Shulman and colleagues stated that teachers must know the rules that justify the 
“why” behind specific claims, should have a collection of strategies to make mastery of a 
concept efficient, and should be equipped with preloaded strategies to address the possible 
misconceptions of students, and with a claim grounded in cognitive science, insisted that 
mathematics instruction capable of correcting misconceptions would require teachers to have 
strategies for “reorganizing the understanding of learners” (p. 9-10). Ball and colleagues 




uncanny kind of unpacking of mathematics that is not needed−or even desirable−in setting other 
than teaching…requiring unique mathematics understanding and reasoning” (p. 400). In an effort 
to equip teachers with explicit teacher and student actions that have the potential to result in 
students’ deep understanding of mathematics, the National Council of Teachers of Mathematics 
published Principles to Actions: Ensuring Mathematics Success for All (2014), which included 
eight high-leverage Mathematics Teaching Practices (MTPs) with research-based evidence of 
effect.  
To complete the section of the literature review, the researcher reviewed digital databases 
for scholarly literature pertaining to application of the National Council of Teachers of 
Mathematics (2014) eight high-leverage Mathematics Teaching Practices (MTPs).  
Mathematics Teaching Practices 
In response to the 2010 adoption of the Common Core State Standards of Mathematics 
(CCSSM) and the demand for increasing the classroom expectations for both teachers and 
learners, the National Council of Teachers of Mathematics (NCTM) published Principles to 
Actions as a toolkit for educators to utilize in practice (NCTM, 2014). The NCTM’s purpose was 
to equip teachers to successfully develop the mathematical proficiency of their students (NCTM, 
2014). NCTM utilized the definition of mathematical proficiency provided by the National 
Research Council in its 2001 report Adding it Up, which included five interrelated components: 
1) the development of conceptual understanding, 2) procedural fluency, 3) strategic competence, 




The NCTM’s Mathematics Teaching Practices (MTPs), provided teachers with a 
framework for meeting the demands of the complex learning outcomes required by CCSSM 
(NCTM, 2014). These eight high-leverage MTPs include: (1) establish mathematics goals to 
focus learning, (2) implement tasks that promote reasoning and problem solving, (3) use and 
connect mathematical representations, (4) facilitate meaningful mathematical discourse, (5) pose 
purposeful questions, (6) build procedural fluency from conceptual understanding, (7) support 
productive struggle in learning mathematics, and (8) elicit and use evidence of student thinking 
(NCTM, 2014, p. 10).  
The researcher used the following terms in this literature search: mathematics goals, 
mathematical reasoning, mathematical problem solving, mathematical representations, 
mathematical discourse, purposeful questions, procedural fluency AND conceptual 
understanding, productive struggle in mathematics, evidence of student thinking, mathematics 
achievement, geometry, measurement, data, and elementary. Aside from studies cited by the 
NCTM in Principles to Actions, and to align with the research questions of this study, results of 
the literature search were limited to content within elementary instruction for geometry and 
measurement.  
MTP1: Establish Mathematics Goals to Focus Learning 
 The NCTM’s first MTP, “establish mathematics goals to focus learning”, states that 
teachers should establish goals at the start of a lesson, situate goals within the broad scope of 
mathematics learning, refer back to goals throughout lessons, connect learner actions back to the 




concepts, ideas, and methods), followed by measurable actions, outcomes, and success criteria, 
promote student metacognition (Hattie, Fisher, Frey, Gojak, Moore, & Mellman., 2017). The 
National Council of Teachers of Mathematics (2014) states that “goals should describe the 
concepts, ideas, or methods students will understand more deeply as a result of instruction” (p. 
12). Furthermore, connecting goals with the “big ideas” of mathematics aid in producing 
students with a comprehensive vision of mathematics and the interconnectedness of concepts 
within mathematics (NCTM, 2014).  
For the establishment of learning goals to affect students, teacher clarity is essential 
(Hattie et al., 2017; Hattie, 2012). Despite research documenting the positive outcomes related to 
establishing mathematics goals (Martin & Elliot, 2016), a recent study found that teachers often 
fail to set mathematical goals due to a lack of instructional time, and out of the eight MTPs, 
teachers ranked MTP1 as one of three MTPs to be least characteristic of their teaching (Wilburne 
et al., 2018, p. 240).  
Regarding goal setting, the NCTM states that goals “should not be just a reiteration of a 
standard statement or cluster but should be more specifically linked to the current classroom 
curriculum and student learning needs, referring, for example, to particular visual representations 
or mathematical concepts and methods that students will come to understand as a result of 
instruction” (NCTM, 2014, p. 12-13). In Principles to Actions, the National Council of Teachers 
of Mathematics (2014) provides guidelines for teacher actions in establishing mathematics goals 
to focus learning. Teacher actions include:  




2)  situating the goal within the unit of study and within the mathematics learning 
progression,  
3) referring back to the goal throughout the lesson, and  
4) using the goal to guide discourse (p. 16). Teachers should facilitate students in 
discussions regarding the WHAT and the WHY that underlying the goal, as well as 
engaging students in self-monitoring toward goal mastery (NCTM, 2014, p. 16).  
The National Council of Teachers of Mathematics (2014) also described student actions, which 
include:  
1) discussing the purpose of the lesson,  
2) self-monitoring their learning during the lesson, and  
3) drawing connections between previously learned concepts and current work (p. 16).  
Research has documented evidence that setting a personal best goal can increase student 
geometry and measurement achievement (Martin & Elliot, 2016). Martin and Elliot's (2016)’s 
study, which included 89 participants, found that there was a significant effect on test 
performance for students who set a personal best goal when compared to students who did not 
set a goal (Martin & Elliot, 2016).  
MTP2: Implement Tasks that Promote Reasoning and Problem Solving 
The NCTM’s second listed  MTP is “implement tasks that promote reasoning and 
problem solving” requires higher levels of cognitive demand from students (NCTM, 2014). 
MTP2 refers to tasks that include complex thinking, exploration of mathematical processes, and 




tasks include comparison, application, and transference to nonroutine situations (Hattie et al., 
2017). Research has highlighted the positive effects that problem-solving and reasoning have on 
students’ mathematics achievement (Campbell, 1996), and teachers who persistently encourage 
students to explain their thinking support student engagement during complex reasoning tasks 
(Kilpatrick et al., 2001, p. 336).  
The 2015 TIMSS results demonstrated that U.S. fourth-grade students performed below 
the international average for reasoning within geometric shapes and measures on 58.4% of the 
reasoning questions, and significantly below the international average on 41.7% of those 
reasoning questions (TIMSS & PIRLS, 2015). The National Research Council stated that 
students who lacked the ability to reason mathematically are deprived of opportunities and 
unable to display competence in everyday tasks of human endeavor (Kilpatrick et al., 2001, p. 
16). Interestingly, Wilburne and colleagues’ (2018) study Mathematics Teachers’ 
Implementation of High-Leverage Teaching Practices: A Q-Sort Study discovered that MTP2 
was the third most utilized of the MTPs based on the self-reporting of 38 teacher participants. 
However, teachers’ intentions do not always work out as planned, and multiple factors within a 
lesson can cause teachers to abandon cognitively complex tasks or take over student thinking 
(Kilpatrick et al., 2001).  
MTP3: Use and Connect Mathematical Representations 
Teachers should be equipped with the ability to break apart and explain abstract and 
complex ideas for students so that they can see the underlying conceptual basis (Ball & Bass, 




visual, verbal, physical, and symbolic representational) for a single mathematical concept 
(CCSSM, 2014; NCTM, 2014; FMS, 2014). The use of different representations, according to 
Tripathi (2008), “is like examining the concept through a variety of lenses, with each lens 
providing a different perspective that makes the picture (concept) richer and deeper” (p. 439). 
The use of both physical and virtual manipulatives as a tool for early mastery of concepts has 
also shown to have a significant impact on student progress with an effect size of 0.50 (Hattie et 
al., 2017), which by Cohen’s standards is a medium effect (Steinberg, 2011). However, students 
should gradually be transitioned from manipulatives to pictorial representations, and eventually 
to the use of numbers alone as a display of retention and understanding mathematical concepts 
(FLDOE, 2019a). Unfortunately, teachers struggle to “select appropriate representations,” and 
out of the eight MTPs, Wilburne and colleagues’ 2018 investigation found that teachers ranked 
MTP3 as one of three MTPs to be least characteristic of their teaching (p. 240).  
MTP4: Facilitate Meaningful Mathematical Discourse 
 Teachers should be equipped to manage mathematical conversations strategically 
(Kilpatrick et al., 2001, p. 345). According to Hattie and colleagues (2017) mathematical 
discourse, “reaches beyond discussion because it includes ways of representing, thinking, 
talking, agreeing, and disagreeing. It is the way ideas are exchanged and what the id eas entail” 
(p. 136). However, for productive discourse to take place, teachers must intentionally design the 
classroom culture (NCTM, 2014). In their book 5 Practices for Orchestrating Productive 
Mathematical Discourse, Smith and Stein (2018) simplified this complicated task into five 




student responses, 2) monitoring- during the lesson teachers should monitor student thoughts and 
ideas, 3) selecting- teacher thoughtfully selects student ideas for future sharing, 4) sequencing- 
teacher decided the most beneficial order for student responses to be shared, and 5) facilitate- 
teacher guides a class conversation that connects student responses to the intended learning 
outcome (Smith and Stein, 2018, p. 10-11).  
Research has documented the challenge of preparing teachers to lead mathematical 
discussions, mainly because discussions are interactive, and the instructional “moves appropriate 
to make when leading a discussion are dependent on the content of the discussion and the 
instructional purpose” (Boerst et al., 2011, p. 2857). Furthermore, research has demonstrated that 
teachers quickly abandon their intentions to facilitate meaningful mathematics discourse due to 
classroom management issues and a lack of perceived student interest in the topic (Wilburne et 
al., 2018). However, Project Challenge, a longitudinal study through Boston College, 
demonstrated that when teachers were trained to lead mathematical discourse and students 
engage in mathematics discussions for successive years, the effect was substantial (d = 1.8) 
(Chapin & O’Conner, 2004).  
MTP5: Pose Purposeful Questions  
According to Terry Wood’s (1998) “focusing patterns,” as cited by the National Council 
of Teachers of Mathematics (2014), when implementing a focusing pattern, the teacher prompts 
student thinking, focuses on the progression of student thought, and allows students time to 
communicate their thoughts more clearly and deeply (p. 37). This type of purposeful questioning 




the questioning sequence evolves (NCTM, 2014). The NCTM also states that a teacher who 
postures purposeful questions “advances student understanding by asking questions that build on, 
but do not take over or funnel, student thinking” (p. 41). Teacher self-reporting has demonstrated 
that MTP5 was the second most utilized MTP, and teachers demonstrated a high frequency of 
two NCTM teacher actions-advancing student understanding through questioning without taking 
over the discussion and making certain to ask questions that go beyond gathering information to 
promote thinking and require explanation and justification (Wilburne et al., 2018).  
MTP6: Build Procedural Fluency from Conceptual Understanding 
 In their study of working memory, math anxiety and mathematics achievement, Ramirez, 
Gunderson, Levin and Beilock (2013) mentioned that hastily pushing students toward rote 
memorization could be a contributor toward math anxiety. A meta-analysis of 156 effect sizes 
titled Anxiety and Academic Performance, found mathematics anxiety to have a moderately 
negative effect on students’ academic performance (Seipp, 1991). Unlike the hasty push to rote 
memorization, the procedural fluency described by the NCTM is built upon a foundation of 
conceptual understanding and aims to increase students’ cognitive flexibility in solving 
mathematical problems in context (NCTM, 2014). Teachers who build procedural fluency use 
visual models and provide opportunities for distributed practice with those models; further, they 
create opportunities for students to practice reasoning or solving problems through a multitude of 
methods and later connect successful student-generated strategies to more efficient procedures 
(NCTM, 2014). Students with procedural fluency can allocate more cognitive resources to 




MTP7: Support Productive Struggle in Learning Mathematics 
 Students who identify their disequilibrium can struggle with a concept without worry 
about whether or not their answer is correct (Carter, 2008, p. 125). Promoting productive 
struggle requires an instructional mindset aimed at praising students’ efforts as they embrace 
struggle, mistakes, and even failure, as critical components of the learning process (Carter, 
2008). Carol Dweck’s Growth Mindset Theory demonstrates the need for students to develop an 
attitude that embraces failure as an opportunity to learn (Dweck, 2006), and teachers are critical 
in building helping students develop a productive growth mindset (NCTM, 2014).  
 In her (2008) article Disequilibrium & Questions in the Primary Classroom: Establishing 
Routines That Help Students Learn, Carter declared that “if students became unhappy, got 
stressed out, or seemed frustrated, I was known to actually stop a lesson and start an activity 
sheet. I repeated the mantras of ineffective teachers: ‘This is too hard for them!’ or ‘My kids just 
do not have the background for this kind of assignment’” (Carter, 2008, p. 135). Carter’s early 
actions were similar to the teacher actions that Stein, Grover, and Henningsen (1996) 
documented to lessen the intended cognitive complexity of a task due to inappropriate teacher 
intervention.  
In Principles to Actions, the NCTM (2014) documented Shirley Clarke’s Enriching 
Feedback in the Primary Classroom, which emphasizes the need for teachers’ responses and 
teachers’ language to shift from a “right or wrong” answer to emphasize praise for student 
perseverance with problem-solving and student effort in generating meaningful solutions. This 




support during that struggle (NCTM, 2014). Promisingly, teacher self-reporting demonstrates 
this teaching practice to be the single most utilized practice out of the eight suggested high-
leverage instructional practices (Wilburne et al., 2018).  
MTP8: Elicit and Use Evidence of Student Thinking 
 Research has demonstrated that teachers do not gather evidence of students’ thinking, due 
to “time constraints,” and that out of the eight MTPs, teachers ranked MTP8 as one of three 
MTPs to be the least characteristic of their teaching (Wilburne et al., 2018, p. 240). Formative 
assessment of students’ mathematical comprehension is the basis of MTP8, eliciting evidence of 
student thinking (NCTM, 2014). To elicit and use evidence of student thinking requires teachers 
to intentionally seek indications of student performance, which, in turn, they will use to adjust 
instructional strategies so that students are urged to grow within their zone of proximal 
development (Leahy et al., 2005). The National Council of Teachers of Mathematics clearly 
labels the steps for this practice as, “identifying indicators of what is important to notice in 
students mathematical thinking, planning for ways to elicit that information, interpreting what 
evidence means…and then deciding how to respond on the basis of students’ understanding” (p. 
53). NCTM indicates that teachers must make immediate decisions for appropriately providing 
feedback that scaffolds and extends (NCTM, 2014).  
Pedagogical Content Knowledge for Geometry and Measurement Instruction 
The eight high-leverage teaching practices detailed above were selected by the National 
Council of Teachers of Mathematics as useful instructional techniques for making the CCSSM 




is only a single strand of Shulman’s (1986) pedagogical content knowledge (PCK) known to 
describe highly effective teachers.  
In Ma’s (1999) study, when a student made an incorrect statement regarding a 
geometrical rule, stating to the teacher, “as the perimeter of a closed figure increases the area 
also increases” (Ma, 2010, p. 72). U.S. teacher responses to this claim differed significantly, but 
their lack of pedagogical content knowledge was consistent. Two teachers (9%) accepted the 
claim, eighteen teachers (78%) provided no mathematical investigation, and three (13%) teachers 
investigated the claim. Some of the U.S. teachers consulted with textbooks and peers since they 
did not remember how to calculate area and perimeter. One teacher knew the formulas but did 
not know why they worked and struggled to provide non-examples. Thirteen of the U.S. teachers 
called for additional examples to explore the claim. However, these teachers relied on examples 
to prove or disprove the claim, when “the role of examples is to illustrate numerical 
relationships, rather than prove them” (p. 74). Of the 23 U.S. teachers in Ma’s study, only one 
achieved a correct solution (Ma, 2010, p. 75).  
The majority of U.S. teachers in Ma’s study (72%) were willing to work with students 
and further investigate the claim, but these teachers lacked the necessary understanding for 
providing proof (Ma, 2010, p. 75), thus, rendering them incapable of “reorganizing the 
understanding of the learners” (Shulman, p. 9-10). Unlike the U.S. teachers, when Chinese 
teachers were presented with the same student claim, they demonstrated a better knowledge of 
elementary geometry, were familiar with perimeter and area, and proceeded to investigate on 




took place nearly two decades ago, the need to increase students’ mastery of geometry and 
measurement still remains (TIMSS, 2015).  
Summary 
The Common Core State Standards of Mathematics (2010) sought to raise the bar for 
students’ knowledge of mathematics content, as well as their ability to apply and reason within 
mathematics concepts (CCSSM, 2019; NCTM, 2014). U.S. elementary teachers, who historically 
taught mathematics at the surface-level (TIMSS Video Mathematics Research Group), were 
suddenly tasked with implementing instructional standards requiring high levels of rigor and 
deep levels of cognitive complexity (CCSSM, 2019).  
With “effectiveness depending on enactment” (Kilpatrick et al., 2001, p. 9) teachers 
needed resources to facilitate this new depth in learning, so National Council of Teachers of 
Mathematics Principles to Actions provided eight high-leverage mathematics teaching practices 
with research-based evidence of effect (NCTM, 2014).These MTPs included: (1) establish 
mathematics goals to focus learning, (2) implement tasks that promote reasoning and problem 
solving, (3) use and connect mathematical representations, (4) facilitate meaningful 
mathematical discourse, (5) pose purposeful questions, (6) build procedural fluency from 
conceptual understanding, (7) support productive struggle in learning mathematics, and (8) elicit 




Cognitive Theory of Multimedia Learning 
Mayer’s Cognitive Theory of Multimedia Learning (CTML) incorporates the science of 
learning, which is the “scientific study of how people learn” and the science of instruction, which 
is “the scientific study of how to help people learn” (Mayer, 2011, p. 3). Principles from the 
science of instruction were derived from the science of learning, meaning that instructional 
principles from the science of instruction were intentionally designed to attend to the architecture 
of cognition with the goal of priming the appropriate cognitive processes during learning (Mayer, 
2009, p. 6). In his 2009 book, Multimedia Learning, Richard E. Mayer presented three 
perspectives for applying the CTML, and one of those perspectives, the sensory-modality view 
provides a categorical lens for viewing multimedia messages. Although Mayer does define 
multimedia messages as messages utilizing both words and pictures, the sensory-modality view 
categorizes instructional messages as multimedia based on the sensory processing systems that 
the learner uses to interpret multimedia messages (Mayer, 2009, p. 8-9). The research included in 
this literature review falls within Mayer’s sensory-modality view and includes instructional 
messages that engage both the auditory sensory memory and visual sensory memory of the 
learner (Mayer, 2009, p. 9).  
This phase of the literature review included a digital database search for scholarly articles 
related to the cognitive theory of multimedia learning, the science of instruction, the science of 
learning, and mathematics education. The present study aims to determine the extent to which 
teacher education programs are exposing preservice teachers to Science of Instruction Principles 




multimedia learning are generally themed within e-learning or computer-based instruction, 
whereas the current study was concerned with classroom-based instruction in elementary 
education. When the researcher delimited search results by excluding e-learning and computer-
based instruction, results were minimal. When limited again to target elementary education 
geometry and measurement instruction, the researcher discovered that there was no research on 
the topic. The researcher was unable to find a single study regarding the application of the 
Science of Instruction Principles (SOIPs) within elementary mathematics classrooms. This 
section of the literature review will (a) present the cognitive theory of multimedia learning 
(CTML), (b) provide historical evidence for CTML from the science of learning, and (c) review 
selected science of instructional principles (SOIPs). Due to the lack of research regarding SOIPs 
implemented in elementary education mathematics classrooms, this section will only briefly 
touch on each of the SOIPs. 
  Decades of research have focused on the cognitive processes that take place during 
learning have led to an empirical evidence base for how the human brain processes and stores 
information, known as the science of learning (Baddeley, 2001; Brunning, Schraw, Norby, & 
Ronning, 2004; Mayer, 2009, 2011; Paivio, 1986; Chandler & Sweller, 1991). Theorists have 
described human memory and cognition through various models of the human information 
processing system, which included learning stages of knowledge acquisition, storage, and 
retrieval (Brunning, Schraw, Norby, & Ronning, 2004).  
Based on principles from the science of learning, Mayer’s (2009) CMTL incorporated  




Sweller’s (1991) cognitive load theory, and incorporated the assumption that the learner is 
actively working to make sense of newly presented information-Mayer’s active processing 
theory (Mayer, 2008; 2009; 2011). The core of the CTML is that people receive new information 
through separate sensory-memory channels (auditory and visual), which are continually sorting 
through words and pictures to determine which words and pictures warrant sustained attention 
(Mayer, 2009). The CTML labels this process as selecting relevant words and pictures. Once 
words and pictures are selected, the working memory manipulates the new information to build 
coherent mental representations (Mayer, 2009). The CTML labels this process as organizing 
words and pictures. The working memory integrates new mental representations with existing 
knowledge from the long-term memory that has been brought into the working memory (Mayer, 
2009). The CTML labels this process as integrating.  
Dual Channel Theory  
 The concept of sensory receptors was first introduced by Atkinson and Shiffrin (1968), 
who described the sensory register as the first of three information processing components, and 
the place where information is initially received, briefly remains, and is soon either lost or passed 
to the working memory. Based on the dual-coding theory (Paivio, 1986), verbal information 
paired with concrete pictorial representations make learning easier for the learner. This is called 
the concreteness effect (Paivio, 1971). Paivio’s (1969) Mental Imagery, and Associative 
Learning demonstrated that the use of pictures to supplement verbal instruction improved 
learning outcomes and further supported claims that the human information processing system 




encoded. Based on Paivio’s theory, learning is more efficient when words are paired with 
pictures, because the learner encodes the information both pictorially and auditorily, doubling 
learning efforts (Paivio, 1986). The underlying assumption of Paivio’s theory is that information 
is processed through two channels, the verbal channel and the nonverbal channel (Paivio, 1986). 
Extending upon Paivio’s dual-channel theory, Baddeley’s (1999) working memory 
research also documented a model through which information is received through the visual and 
verbal memory. According to Baddeley (1999), once received, nonverbal information is 
manipulated on a “visual scratchpad” and  verbal information proceeds through a “phonological 
loop”, which accounts for the theory that learning efforts may be duplicated when information is 
presented in dual modes, received by both sensory-modalities, and briefly manipulated on the 
scratchpad and loop (Baddeley, 1992; 1999; Mayer, 2009). Baddeley’s research provided the 
foundation for the sensory-modality view that Mayer utilized in the construction of the cognitive 
theory of multimedia learning (Mayer, 2009, p. 9).  
Cognitive Load Theory   
Cognitive load theory is based on the limited capacity of the working memory, the place 
where the learner keeps information in mind for further manipulation (Sweller, van Merrienboer, 
& Pass, 1998). Once the learner receives information through the visual or auditory sensory 
memory (Paivio, 1986), the manipulation and processing of information takes place in the 
learner’s working memory (Sweller et. al., 2011), which is limited in the amount of information 
that it can receive, process, and recall (Miller, 1956; Sweller et al., 2011). Chandler and Sweller 




cognitive load refers to the difficulty of information, germane load accounts for the cognitive 
capacity needed to manipulate information, and extraneous load refers to the unnecessary load 
placed on the working memory by unnecessary visual and auditory stimuli within a poorly 
designed instructional message.  
Since the working memory has a limited capacity, it is critical that the learner pay attention to the 
essential material of an instructional message (Mayer, 2009). Research has indicated that 
executive functioning plays a major role in the learner’s ability to direct attention to critical 
information (Blair & Raver, 2015). The learner’s executive functioning controls their ability to 
“hold onto and work with information, focus thinking, filter distractions, and switch gears” 
(Center for the Developing Child, 2011), and consists of three neurocognitive skills− cognitive 
flexibility, inhibitory control, and working memory-−that together account for the conscious 
control of attention (Zelazo, Blair, & Willoughby, 2016, p. 17). Effective cognitive functioning 
and self-regulation allow students to successfully manage the constant influx of new content 
presented daily in the school setting (Blair & Raver, 2015). Baddeley’s model of the working 
memory includes the “central executive”, which controls the resources of the working memory in 
working toward a given goal (Baddeley & Hitch, 1974).  
Executive functioning takes place in the brain’s prefrontal cortex, which does not fully 
develop until the third decade of life (Luciana, Conklin, & Hooper, 2005). So, elementary-age 
students have not fully developed their executive functioning skills, thus increasing the need for 
teachers to guide learners’ cognitive processes during learning (Mayer, 2009). If teachers can 




more likely to be selected by the learner for processing in the working memory, where the 
learner will keep the information in mind, manipulate it, and potentially generate a thoughtful 
response (Jacob & Parkinson, 2015; Zelazo, 2016). Baddeley (2007) described working memory 
as “a temporary storage system under attentional control that underpins our capacity for complex 
thought” (p. 1). In short, working memory holds and manipulates the words and pictures that the 
learner has paid attention to, and plays a critical role in the learner’s ability to engage deeply 
with new information (Baddeley, 2007). Furthermore, the working memory is where new 
information connects to information pulled from long-term memory (Baddeley, 2000).  
Miller’s (1956) research documented  that the working memory holds about five words or 
nine digits for immediate recall. Researchers agree that the capacity of the working memory is 
finite (Baddeley & Hitch, 1974; Miller, 1956; Sweller et. al., 1998). Therefore, if extraneous 
information is presented to a learner, cognitive overload is possible, and learning could be 
diminished (Sweller et al., 1998). According to Sweller and colleagues (1998), “the implications 
of working memory limitations on instructional design can hardly be overestimated” (p. 252).  
Generative Learning Theory  
 Piaget’s (1936) theory of cognitive development attributes learning to interactions 
between the environment and the learner, during which the learner actively constructs meaning 
by integrating new information into existing cognitive schemas and engaging in the mental 
organization of information. Wittrock (1974) extended Piaget’s view of an active learner, by 
providing a generative model of learning through evidence that learning was enhanced when 




study of 488 sixth grade students, Doctrow, Wittrock, and Marks (1978) documented that 
utilizing summarizing strategies while reading resulted in almost double the comprehension and 
recall of a text, highlighting the large effect, d = 1.0, which evidences the benefit of priming 
cognitive processes during learning. Mayer’s (2009) CTML accounts for the learner as an active 
participant in the learning process, rather than viewing the learner as an inactive receptor of 
information to be delivered by an instructor.  
Mayer’s Cognitive Theory of Multimedia Learning Model 
 Mayer’s (2009) CTML is based on three assumptions from the science of learning: (a) 
dual-channels, (b) limited cognitive capacity, and (c) generative processing. Mayer further 
defines learning as multimedia if the learner is receiving information through the eyes, which is  
processed in the visual sensory-memory, and through the ears, which is then processed in the 
auditory sensory-memory; thus, CTML takes a sensory-modality view (Mayer, 2009, p. 9). 
Figure 5 presents the CTML demonstrating that multimedia information enters the visual sensory 
memory through the eyes (written text and images) or the auditory sensory memory through the 
ears (spoken words) where they are held briefly while the sensory memory is selects pertinent 
words and images to transfer to the working memory (Mayer, 2011, p. 34). Once the selected 
words and images are transferred to the working memory, where information is held while the 
learner is actively organizing the words and pictures to build a mental depiction (Mayer, 2011, p. 
34). For example, the word “globe” will enter the auditory sensory memory through the ears and 
continue into the working memory where the word “globe” will remain while the learner pairs it 




prior knowledge in the long-term memory and drawn it into the working memory in order to 
integrate the image with the word “globe”. This integration of new knowledge with prior 
knowledge is where generative learning is fostered, resulting in long-term learning (Mayer, 
2011).  
The CTML accounts for information being presented both visually and verbally, 
processsed through separate channels, thus allowing the learner to code the new information in 
two ways. The boxes in Mayer’s model represent memory stores−sensory memory, working 
memory, and long-term memory−and the arrows represent the active cognitive processing taking 
place during learning−selecting images, selecting sounds, organizing images, organizing sounds, 
and integrating a mental model of the images and sounds with information from the long-term 
memory (Mayer, 2009, p. 61-63).  
 Figure 5: Richard E. Mayer's (2009) Cognitive Theory of Multimedia Learning 
Mayer’s (2009) research in multimed ia learning led him to the development of twelve 
instructional design principles intended to promote deep, meaningful learning opportunities for 
students. The Science of Instruction Principles (SOIPs) suggested by Mayer (2009) were 




essential processing, and (3) to foster generative processing (Mayer, 2011). These principles 
provide a framework through which an instructor can intentionally structure the learning 
environment to foster a change in the learner’s knowledge (Mayer, 2011, p. 52).  
Science of Instruction Principles 
In his 2011, book Applying the Science of Learning, Mayer defined learning as “a change 
in what the learner knows caused by the learner’s experience” (p. 14). In the preface to his 2011 
book, Applying the Science of Learning, Dr. Richard E. Mayer, states, “if you want to help 
people learn, it would be useful for you to know something about how learning works. In short, 
your efforts to improve education will be improved if you strive to apply the science of learning” 
(Mayer, 2011, p. vii.). Applying the science of learning is known as the science of instruction, 
which details instructional methods grounded in cognitive learning science with proven effect for 
promoting deep, transfer learning (Mayer, 2009, 2011). Instructional principles from the science 
of instruction were derived from the science of learning, meaning that instructional messages 
from the science of instruction were intentionally designed to attend to the architecture of 
cognition with the goal of priming the appropriate cognitive processes during learning (Mayer, 
2009, p. 6).  
Since the sensory-modality view of multimedia instruction pertains to the learners’ use of 
the visual and auditory sensory receptors (Mayer, 2009), the CMTL applies to classroom-based 
instruction, as well as computer-based learning scenarios. Furthermore, SOIPs targeting the 
reduction of extraneous processing, the management of essential processing, and the fostering of 




these principles is to attend to the cognitive processes of the learner during learning (Mayer, 
2011).  
Utilizing principles from the science of instruction, teachers can guide the cognitive 
processes of learners through the careful planning of instructional messages that direct students 
through the selection of critical information, the management of that information in the working 
memory, and the building of meaningful cognitive connections that result in integrating new 
knowledge into the long-term memory (Guy & Byrne, 2017; Mayer, 2008; Mayer, 2011). 
Principles grounded in the science of instruction aim to reduce extraneous processing, facilitate 
essential processing, and provide opportunities for deep, transfer learning, referred to by Mayer 
(2009) as generative processing. According to Dubinsky, Roehrig, and Varma (2013), “The 
neurobiology of learning, and in particular the core concept of plasticity, have potential to 
directly transform teacher preparation…and ultimately to affect how students think about their 
learning” (p. 317). Moreover, knowledge of learning neuroscience has the potential to change 
teachers’ perspectives, so that they come to “see themselves as designers of experiences that 
ultimately change students’ brains” (Dubinsky et al, 2013, p. 218).  
Science of Instruction Principles for Selecting 
SOIP1: The Coherence Principle 
According to the coherence principle, “people learn better when extraneous material is 
excluded rather than included” (Mayer, 2009, p. 89). The coherence principle suggests that 
irrelevant but interesting information that is included in an instructional message will interfere 




learner and subsequently result in inaccurate mental representations or learner misconceptions 
(Mayer, 2009). The coherence principle involves three important components. First, exciting but 
noncritical words and pictures that are on topic with the lesson should be excluded. Second, 
background music or environmental sounds that are interesting and supplementary should be 
excluded from the lesson. Third, unnecessary words and symbols should be excluded from the 
lesson (Mayer, 2009). Upon discarding the information transmission theory, through which the 
learner is viewed as an inactive receiver of knowledge transferred from the teacher, these three 
components of the coherence principles attend to the learner as an active sense-maker, or 
knowledge-constructor (Mayer, 2009).  
SOIP2: The Signaling Principle 
 The signaling principle states, “people learn better when cues that highlight the 
organization of the essential material are added” (Mayer, 2009, p. 108). Like the coherence 
principle, the signaling principle assists the learner in selecting relevant information. Teachers 
can implement the signaling principle by cueing the learner to critical components within a 
lesson, using outlines, graphic organizers, or vocal signaling to cue the learner to essential words 
and pictures (Mayer, 2009). By guiding the learner to relevant words and pictures, instructors 
utilizing the signaling principle are preserving the cognitive capacity of the learner by reducing 
extraneous processing (Mayer, 2009).  
SOIP3: The Spatial Contiguity Principle 
 The spatial contiguity principle states, “people learn better when corresponding written 




(Mayer, 2009, p. 135). Teachers should embed critical vocabulary and labels within diagrams 
and pictures to limit learners from having to scan for information, thus reserving the cognitive 
resources of the learner. When critical information is embedded within body text, learners must 
scan through many words to select relevant information, utilizing precious cognitive resources.  
SOIP4: The Temporal Contiguity Principle 
 The temporal contiguity principle states, “people learn better when corresponding words 
and pictures are presented simultaneously rather than successively” (Mayer, 2009, p. 153). When 
teachers present images and verbally explain the images, learners are better able to build 
cognitive connections between spoken words and images.  
SOIP5: The Expectation Principle 
 The expectation principle states, “people learn better when they are shown in advance the 
type of test items” (Mayer, 2011, p. 66). When learners know that they will be questioned at a 
later time, they hold relevant information in their working memory.  
Science of Instruction Principles for Organizing 
SOIP6: The Segmenting Principle 
 According to the segmenting principle, “people learn better when a complex lesson is 
presented in manageable parts” (Mayer, 2011, p. 68). The instructional principle of segmenting 
is designed to assist in the management of essential processing (Mayer, 2009, p. 176). People 
learn at different paces, and instruction that does not attend to the segmenting principle may 
progress quicker than the learners’ brains can fully process the information (Mayer, 2009, p. 




memory is actively operating to create mental representations of new information. When 
determining what the ideal size of segments should be, teachers should keep in mind that 
research on working memory suggests that learners cannot hold many pieces of information in 
their working memory at once, indicating that segments may need to be short (Baddeley, 1999).  
SOIP7: The Pretraining Principle 
 The pretraining principle states that “people learn more deeply from a multimedia 
message when they know the names and characteristics of the main concepts” (Mayer, 2009, p. 
189). When a complex lesson is being presented, the cognitive capacity of learners should be 
considered (Mayer, 2009). If learning is also fast-paced, cognitive overload can occur quickly. 
The theoretical rationale underpinning the pretraining principle is that learners engage in less 
essential processing if they are already aware of crucial information.  
SOIP8: The Modality Principle 
 The modality principle states, “people learn more deeply from pictures and spoken words 
than from pictures and printed words” (Mayer, 2009, p. 200). Pictures and written words are both 
initially processed through the visual channel, so presenting both at the same time will overload 
the visual processing channel while ignoring the auditory processing channel. Learners are more 
likely to experience cognitive overload. However, pictures are processed through the visual 
processing channel, so presenting spoken words along with pictures will engage the auditory 
processing channel, maximizing the delivery of information with attention to the cognitive load 




Science of Instruction Principles for Integrating  
 Learning is represented in the brain by changes in synapses and the development of 
neural circuits, both which can be strengthened through experiences (Dubinsky et al., 2013, p. 
318). Furthermore, the strengthening of synaptic connections is dynamic, meaning that use can 
strengthen those connections and, if unused, those connections can weaken (p. 318). Therefore, 
teachers who equip students to engage in metacognition during learning enable students to learn 
more deeply.  
SOIP9: The Multimedia Principle 
The multimedia principle is based on the theory of multimedia instruction, which states 
that people "learn better through words and pictures than they do from words alone" (Mayer, 
2008, p. 766). The theory is that receiving information through both the visual and verbal 
channels not only prevents cognitive overload but mainly allows the learners to build meaningful 
connections between the words and the pictures (Mayer, 2008). Lectures are considered 
multimedia when the instructor is speaking, and slides are being displayed or images being 
drawn on the whiteboard (Mayer 2009, p. 9). Teachers should plan lessons that present 
information through words and pictures so that learning can be maximized.  
SOIP10: The Personalization Principle 
 The personalization principle states, “people learn better when the instructor uses 
conversational style rather than formal style” (Mayer, 2011, p. 70). Teachers should use “I” and 




dialog encourages learners to put more effort into making sense of the presented material 
(Mayer, 2009).  
SOIP11: The Concretizing Principle 
 The concretizing principle states, “people learn better when unfamiliar material is related 
to familiar knowledge” (Mayer, 2011, p. 70). The concretizing principle engages the learner in 
hands-on, perceptual-motor experiences that aid the learner inbuilding their pictorial memory; 
furthermore, this perceptual-motor experience can create a class-wide shared knowledge while 
simultaneously strengthening precision for each learner (Glenberg & Kaschak, 2002).  
SOIP12: The Anchoring Principle 
 The anchoring principle states, “people learn better when the material is presented in the 
context of a familiar situation” (Mayer, 2011, p. 70). Presenting real-world scenarios tailored to 
the interests and experiences of students assists in engaging the prior knowledge of the learner 
and has the potential to increase learner motivation (Bransford, Brown, & Cocking, 2000; 
Mayer, 2011). The National Research Council stated that teachers “need to know something of 
each student’s personal and educational background, especially the mathematical skills, abilities, 
and disposition that the student brings to the lesson” (Kilpatrick et al., 2001, p. 378). Knowing 
this background enables teachers to engage prior knowledge, which is the key to integrating new 
information into long-term memory (Mayer, 2009).  
Research has identified the engagement of prior knowledge to help maintain students’ 
involvement and attention during cognitively complex mathematical tasks (Henningsen & Stein, 




in recalling memories, facts, or processes, bringing that knowledge into the working memory, to 
strengthen or modify mental representations (Mayer, 2009; 2011).  
Summary  
Dubinsky and colleagues (2013) emphasized the need for teachers to understand the 
connection between neuroscience and learning so that teachers would be aware of the effects that 
their own instructional actions have on the brains of their learners (p. 324). Moreover, the 
National Research Council suggested that education’s efforts to improve classroom instruction 
should be framed within scientific evidence (Kilpatrick et al., 2001, p. 13), and research has 
found that preservice teachers whose pedagogical views are related to cognition have higher self-
efficacy (Swars, Smith, Smith & Hart, 2009).  
Using the SOIPs, teachers have the potential to assist learners in developing deep 
knowledge that lasts long-term (Mayer, 2009). According to Mayer (2011), “The teacher’s role is 
to serve as a cognitive guide who helps direct the learner’s cognitive processing during learning” 
(p. 23), with learning defined as “a change in what the learner knows caused by the learner’s 
experience” (p. 14). Utilizing the SOIPs to frame instructional messages, could enable teachers 
to assist learners in selecting appropriate words and pictures, organizing those words and pictures 
into coherent mental representations, and integrating those new representations with existing 
prior knowledge-resulting in long-term, transfer learning (Mayer, 2009; 2011). “Neuroscience 
learning concepts inform teachers’ understanding of their principal charge, changing the brains 





 In 2001, the National Research Council stated that U.S. teacher education programs were 
failing to prepare teachers with the knowledge and skills that were necessary to lead students to 
mathematical proficiency, which resulted in “teachers having a shaky grasp of mathematics” 
(Kilpatrick et al., 2001, p. 4). In Florida, there are 47 state-approved postsecondary initial teacher 
preparation programs (TEPs) that lead to state certification in elementary education. Ten of those 
programs are a part of the State University System (SUS) of Florida (2019). To receive their 
teaching certifications,  upon the completion of their TEPs  preservice teachers must pass content 
and pedagogy examinations (FLDOE, 2019e). The Florida Department of Education states that 
the purpose of these testing protocols is to “support the academic achievement of our students by 
assuring that our educators are professionally qualified for highly effective instruction” (FLDOE, 
2019e). Mayer (2011) and the National Council of Teachers of Mathematics (2014) label highly 
effective instruction as the facilitator of deep, meaningful learning.  
To complete this portion of the review of literature, the researcher searched the digital 
database using the terms: teacher education programs, teacher preparation, preservice teachers, 
elementary education, the science of learning, the science of instruction, textbook studies, 
geometry instruction, measurement instruction, Florida standards, and mathematics methods 
course content. The researcher also utilized several websites, including the Florida Department 
of Education, the Florida Teacher Certification Examinations, and the State University System of 




Requirements, 2) the Florida Teacher Competency Examinations, 3) The Florida Standards of 
Mathematics, and 4) Mathematics Methods Courses.  
Elementary Education Degree and Certification Requirements in Florida 
The Florida Department of Education’s administrative rule 6a-4.0151 (FLDOEc, 2019) 
details certification requirements and states that prospective teachers must not only accomplish 
the degree requirements set forth by the FLDOE, but they must also pass three Florida Teacher 
Certification Examinations (FTCE): (1) the General Knowledge Test, (2) the Professional 
Education Test (Ped), and the Subject Area Examination for Elementary Education K-6 Test 
(Florida Teacher Certification Examinations, 2019; FTCE, 2019b). Upon passing all three 
examinations, candidates may apply for a Florida Teaching License (FLDOE, 2019e).  
In his forward to Liping Ma’s (2010) Knowing and Teaching Mathematics, 2nd ed., Lee 
Shulman insisted that state licensing authorities be cautious not to assess the wrong type of 
content knowledge, and suggests that tests for licensure seek to find “profound understand ing of 
fundamental mathematics among future elementary teachers, not superficial knowledge of 
procedures and rules” (p. xviii.). According to Mayer (2011), the science of learning, the science 
of instruction, and the science of assessment are all reciprocal, and each should inform the other 
(p. vii). An analysis of the assessments required for Elementary Education K-6 teacher 
certification demonstrates that knowledge and skills that PSTs should be developing within 
TEPs. Since teacher education programs aim to graduate licensed educators, the researcher 




competencies and skills that relate to geometry and measurement, mathematics pedagogy, or the 
learning sciences.  
FTCE General Knowledge Test 
The FTCE General Knowledge Test is an assessment of preservice teachers’ content 
knowledge that includes four competencies and 21 skills (FTCE, 2019b). One of the four 
assessed competencies is knowledge of geometry and measurement (FTCE, 2019b). The four 
skills assessed within the competency of knowledge of geometry and measurement include:  
1)  identify and classify geometric figures based on their properties,  
2)  solve ratio and proportion problems with real-world application,  
3)  determine measurement unit and form for real-world problems, and  
4)  solve real-world problems including fundamental units and derived units, as well as unit 
conversions (FLDOE, 2019e).  
FTCE Professional Education Test 
The FTCE Professional Education Test assesses preservice teachers’ pedagogy and 
pedagogical content knowledge and includes eight competencies covering fifty-seven skills 
(FTCE, 2019b). Accounting for 18% of the assessment, knowledge of instructional design and 
planning evaluates test-takers’ ability to apply learning theories to instructional design and 
planning and select instructional methods that foster critical thinking and align with the rigor 
required of state-adopted standards. Another 18% of the assessment assesses knowledge of 
instructional delivery and facilitation through a comprehensive understanding of subject matter, 




development of content literacy, and adapt instruction to address preconceptions and 
misconceptions of subject matter (FTCE, 2019b) 
FTCE Elementary Education Test 
 The FTCE Elementary Education K-6 Test includes four subsections, one which is titled 
mathematics. The mathematics subtest includes five competencies, three of which apply to this 
study. First, 26% of the test assesses teacher candidates’ knowledge of student thinking and 
instruction practices, which includes the skill of analyzing the learning progression to 
demonstrate how mathematical knowledge and understanding develop over time (FTCE, 2019a). 
This assessment also evaluates knowledge of measurement, data, and statistics, and knowledge of 
geometric concepts, which account for a total of 28% of the test but only assess test-takers’ 
content knowledge for each competency (FTCE, 2019a). These two competencies do not assess 
pedagogy.  
SUS of Florida Institution Performance of FTCE Licensure Exams 
The State University System of Florida was selected as the sample for this investigation. 
Of the 47 state-approved postsecondary initial teacher preparation programs in Florida that lead 
to state certification in elementary education, ten are members of the SUS of Florida (Jacobs, 
2019, p. 4; p. 8-12). The ten SUS of Florida institutions include Florida Agricultural and 
Mechanical University (FAMU), Florida Atlantic University (FAU), Florida Gulf Coast 
University (FGCU), Florida International University (FIU), Florida State University (FSU), 




(UNF), University of South Florida (USF), and the University of West Florida (UWF) (State 
University System of Florida, 2019). These institutions are displayed in Table 26.  
Table 26:  







Florida Agricultural and Mechanical University FAMU YES 
Florida Atlantic University FAU YES 
Florida Gulf Coast University FGCU YES 
Florida International University FIU YES 
Florida Polytechnic University FPU NO 
Florida State University FSU YES 
New College of Florida NCF NO 
University of Central Florida UCF YES 
University of Florida UF YES 
University of North Florida UNF YES 
University of South Florida USF YES 
University of West Florida UWF YES 
 
The 2019 Florida Teacher Preparation Programs: A Summary and Analysis of Program 
Performance published the January 2015 to December 2016 First Time Examinee Pass Rates for 
the FTCE Elementary Education K-6 Subtest 4: Mathematics (Jacobs, 2019). University pass 
rates for specific subtest competencies were not provided in the report, nor were pass rates for 
the General Knowledge Test or the Professional Education Test. The K-6 mathematics subtest 
results were included.  
Retrieved from Jacobs (2019 report, the rates for the SUS of Florida institutions included 
in this study are displayed in Table 27. According to this report, the University of Florida had the 
highest pass rate (90.6%), Florida State University had the second-highest pass rate (79.8%), and 




Florida Agricultural and Mechanical University had the lowest pass rate (38.6%), and Florida 
Atlantic University had the second lowest (49.9%). An analysis of Jacobs’ (2019) report 
indicates that only 2,525 of the 3,900 examinees were able to successfully pass the mathematics 
subtest on their initial attempt, and overall, SUS of Florida institution pass rate of 64.7%. 
Although these pass rates do not provide test item specification or pass rates, they do provide a 
glimpse into the percentage of Florida TEP graduates who exited their programs without an 
elementary knowledge of mathematical content.   
Table 27:   
SUS of Florida First Time Pass Rates of Elementary Education K-6 Mathematics Subtest  
Geometry Content Knowledge  
This study previously referred to pedagogical content knowledge (PCK) as defined by 
Shulman (1986) to “go beyond the subject matter…to the dimensions of subject matter 
knowledge for teaching” (p. 9). This PCK is the route to effective mathematics instruction, yet so 







Florida Agricultural and Mechanical University 44 188.5 38.6% 
Florida Atlantic University 425 197.7 49.9% 
Florida Gulf Coast University 250 198.1 50.8% 
Florida International University 283 198.4 50.5% 
Florida State University 252 214.8 79.8% 
University of Central Florida 1,085 208.2 68.6% 
University of Florida 254 223.6 90.6% 
University of North Florida 292 208.2 70.5% 
University of South Florida (Tampa) 553 208.5 67.6% 
University of South Florida (Sarasota Manatee) 86 205.7 64.0% 
University of South Florida (St. Petersburg) 147 202.0 57.1% 




mathematics (Ma, 2010). When preservice teachers graduate from teacher education programs, 
the optimal goal would be for them to have fully developed PCK, but research has shown that 
entering a TEP with limited content knowledge may detract from pedagogical training (Brown 
and Borko, 1992). Problematically, many preservice teachers enter college being dissatisfied 
with their high school geometry courses, claim that college mathematics courses do not provide 
in-depth coverage of geometry for elementary school, and enter mathematics methods courses 
with a desire for more geometry content preparation (Aslan-Tutak & Adams, 2015, p. 309).  
 With geometry content connecting to multiple disciplines that directly affect college and 
career readiness (CCSSM, 2014), the STEM workplace fields (including science technology, 
education, and mathematics) (Newcombe, 2010), and applying to many “topics of daily life” one 
would think that the research base for developing a strong foundation for preservice teachers’ 
ability to communicate geometry concepts effectively would be vast (Aslan-Tutak & Adams, 
2015, p. 303).  
In phase one of their 2015 mixed-methods study, Aslan-Tutak and Adams used 
qualitative methods to better understand the needs of preservice teachers to improve upon their 
content knowledge for teaching geometry (2015). Of the participants in phase one (N=3), only 
one claimed that college mathematics courses better prepared them with pedagogical content 
knowledge for teaching, while the other two simply felt that these courses reviewed the content 
they learned in high school (Aslan-Tutak & Adams, p. 307). Once entering the methods courses, 
their experiences improved as they were viewing the content through the lens of a future teacher 




mathematics content and explanation of the pedagogy, as well as why those pedagogical 
decisions were made by the instructor (p. 310). Upon completion of all college mathematics and 
mathematics methods courses, all three participants still felt unprepared to teach elementary 
school geometry lessons (Alsan-Tutak & Adams, 2015, p. 310).   
Aslan-Tutak and Adams (2015) developed a quadrilateral intervention to use with 
preservice teachers (N=102) from four mathematics methods courses. A treatment group of 54 
PSTs participated in hands-on sorting, classifying, and attribute description tasks, which did lead 
to a statistically significant improvement in their geometry content knowledge (p <. 001) (p. 
314). However, there was no statistical significance between the knowledge growth for the 
intervention groups when compared to the control group (p. 314). The Aslan-Tutak and Adams 
(2015) study reiterates the inherent need for the developed of preservice teacher PCK specific to 
the teaching of geometry, which draws attention to the need for research-based strategies to be 
discovered and implemented in TEP methods courses. Cognitive science embedded into these 
courses will undoubtedly address the needs of one participant who stated, “I prefer to… like… 
do some of the mathematics problems and then learn hands-on kinds of things and have her 
[instructor] explain…like... why she taught us that way or why she did certain things specific” 
(p. 308). 
Goodson-Espy, Lynch-Davis, Cifarelli, Morge, Pugalee, and Salinas (2014) used 
instructional materials based on the National Assessment of Educational Progress with a sample 
of 524 PSTs from three different universities. The elementary PSTs completed four modules, one 




geometric thinking, analysis of lessons, CCSSM standards, NAEP test items and student work 
samples (Goodson-Espy et al., 2014, p. 397). Analyses indicated that these modules had a 
significant (p < .001) impact on PSTs’ geometry content knowledge after two semesters 
(Goodson-Espy et a., 2014, p. 401.)  
Methods Course Content 
In 2001, the National Research Council (NRC) published Adding it Up, providing 
recommendations for teacher education programs, the place where teacher capacity building 
begins (Kilpatrick et al., 2001). The NRC suggested that programs require a minimum of nine 
credit hours in mathematics methods courses. However, years later it was evident that not all 
programs were taking the NRC’s advice to heart. Seven years later, Greenberg and Walsh 
(2008), from the National Council on Teacher Quality, published No Common Denominator, 
documenting the results of their investigation into the mathematics requirements of 77 TEPs, 
where they found that 45% of programs failed to cover essential elementary mathematics content 
and did not require enough coursework. Despite evidence that most elementary mathematics 
course instructors do not have previous experience teaching elementary school (Masingila, 
Olanoff, & Kwaka, 2012), taking at least two mathematics methods courses can still reduce PSTs 
mathematics anxiety (Swars et al., 2009). Yet, in their 2012 publication The Mathematical 
Education of Teachers II (METII) the Conference Board of Mathematical Sciences (CBMS) had 
to once again address the need for more required TEP courses specific to the teaching of 




methods courses would be necessary to properly prepare PSTs with the PCK necessary for 
effective mathematics instruction (CBMD, 2012).  
Problematically, many preservice teachers enter TEPs with an inadequate understanding 
of mathematical content to begin with (Clarke & Clarke, 2004). They also lack mathematical 
self-efficacy and demonstrate high levels of mathematics anxiety (Jackson, 2015). Therefore, in 
the limited time they have, mathematics methods course instructors have the daunting task of 
filling content knowledge gaps, building pedagogical capacity, and reducing anxiety in their 
teacher candidates (Jackson, 2015). To further complicate the situation, upon the completion of 
these programs, teachers must pass content and pedagogy examinations to receive their state 
certification for teaching (FLDOE, 2019).  
Textbook Studies  
The NRC suggested that mathematics methods courses embed mathematics problems in 
real-life classrooms so that preservice teachers (PST) could focus on how to teach and how 
learners’ brains move information to the long-term memory (p. 388-389). This suggestion is 
similar to Mayer’s (2008; 2009; 2011) Science of Instruction Principles, which imply that 
teachers should plan their instruction while considering the cognitive processes taking place in 
the brains of the learners. With there being no single authoritative body for teacher education 
programs, and the U.S. Department of Education being congressionally prohibited from 
mandating or overseeing the curriculum decisions of institutions of higher education (U.S. 
Department of Education, 2018), researchers have found that TEPs are inconsistently exposing 




al., 2016). Studies have reviewed the textbooks and course syllabi of teacher education 
programs, specifically looking at educational psychology and instructional methods courses, in 
both the United States (Pomerance et al., 2016), as well as Flanders, and the Netherlands (Surma 
et al., 2018). A single study has reviewed textbooks and course syllabi in reading methods 
courses in the SUS of Florida (Camara, 2019). The textbooks reviewed for this portion of the 




Table 28:  
Selected Literature for Content Analyses of Undergraduate Teacher Education Textbooks 
Year Author(s) TEP Courses Location 
Constructs Under 
Investigation Summary of Findings 




Florida 5 Science of Learning 
Principles, and  
 
5 Reading Instruction 
Learning Principles 
An analysis of textbooks and course syllabi from 8 TEPs 
demonstrated that the five selected science of learning 
principles were not addressed, while the five reading 















2 Science of Learning 
Principles:  
Distributive Practice 
and Retrieval Practice    
An analysis of textbooks and syllabi from 35 TEPs 
demonstrated that 84% did not cover retrieval practice, 
and 62% did not address distributed practice. 11% 
provided full coverage of retrieval practice and 21% 
provided full coverage of retrieval practice. Full coverage 
was defined as conceptual and prescriptive information 













6 Science of Learning 
Principles  
An analysis of the textbooks and course content of 48 
TEPs found that the principle of posing probing questions 
was the only principle receiving adequate coverage, and 
yet 33% of TEPs did not cover the principle. Adequate 
coverage was not provided for five of the principles being 
assessed: pairing graphics with words, linking abstract and 
concrete representations, alternating solved problems with 
unsolved problems, distributing practice, and assessing to 
boost retention.  
 
2008 Greenberg & 
Walsh 
77 TEPs  49 states 
and D.C.  
257 Course syllabi and 
textbooks 
Researchers determined that there was a disagreement 
between TEPs regarding the content required to graduate 




Educational Psychology and Instructional Methods Textbook Studies 
In 2016, Laura Pomerance, Julie Greenberg, and Kate Walsh randomly selected a 
representative sample of teacher preparation programs and examined 48 of the most widely used 
textbooks from 219 educational psychology, general methods, and secondary subject-specific 
methods courses to search for evidence of the six scientific learning principles suggested by the 
Institute of Education Sciences (IES) in Organizing Instruction and Study to Improve Student 
Learning. The research-based instructional principles sought by Pomerance and colleagues 
included: pairing graphics with words, linking abstract and concrete representations, posing 
probing questions, repeatedly alternating problems with their solutions provided and problems 
that students must solve, distributing practice, and assessing to boost retention (Pomerance et al., 
2016, p. vi.). According to the researchers, “looking for the six strategies in these textbooks is 
akin to looking for six needles in a haystack” (Pomerance et al., 2016, p. 6). Of the forty-eight 
textbooks reviewed, not one textbook adequately covered more than two of the instructional 
principles; in fact, only twelve textbooks covered two of the fundamental scientific learning 
strategies (Pomerance et al., 2016, Appendix A, p. 1-5). Aside from Pomerance and colleagues' 
(2016) textbook examination, no other study within the United States has examined 
undergraduate teacher preparation educational psychology and instructional methods textbooks 
for coverage of scientific learning principles.  
In Flanders and the Netherlands, Surma and colleagues’ (2018) study The Coverage of 
Distributed Practice and Retrieval Practice in Flemish and Dutch Teacher Education Textbooks 




syllabi. Although it was limited to two instructional principles, Surma’s (2018) study 
corroborated the findings of Pomerance and colleagues with only two of the sixty-one textbooks 
under investigation having provided full coverage of both scientific learning principles, and only 
one textbook linking the principles to relevant empirical research (Surma et al., 2018).   
Textbook Studies of Methods Courses 
Teaching methods textbooks have been found to provide less instructional strategies 
paired with potential student achievement outcomes than education psychology textbooks 
typically deliver (Dacy, Nihalani, Cestone, & Robinson, 2011, p. 4). Of the mathematics 
textbooks included in their content analysis, Dacy and colleagues (2011) discovered that the 
prescriptive statements suggested to preservice teachers were accompanied by zero primary 
sources (p. 4). Greenberg & Walsh (2008) only found that only 9 out of 77 TEPs adequately 
covered elementary mathematics content, and even so, those 9 TEPs still fell short in delivering 
instruction focused on mathematics methods. Moreover, 35 of the 77 TEPs were determined by 
researchers to have failed in requiring enough coursework and adequately addressing elementary 
mathematics topics (Greenberg & Walsh, 2008).  
In the content area of reading, Camara’s (2019) research found that, based on evidence 
from textbooks and course syllabi, undergraduate teacher preparation programs were also failing 
to adequately prepare teachers with evidential research of the science of learning principles in 
reading methods courses (Camara, 2019). Camara conducted a content analysis of twenty-six 
textbooks and eighteen-course syllabi from nine of the State University System (SUS) of Florida 




single institution exposed PSTs to the five science of learning principles investigated  (i.e., 
modality, multimedia, organization, self-explanation, and feedback). In her study of reading 
courses, Camara discovered that students were exposed to the five content components of 
reading instruction, but "not to the research-proven instructional strategies to support them" (p. 
129). Camara suggested that future research should investigate the mathematics methods courses 
of undergraduate elementary education programs for evidence of the science of learning 
principles.  
Summary  
Teacher education programs should equip teachers with mathematical knowledge, skills 
for understanding the thinking and reasoning of students, and strategies for meeting students’ 
needs (Kilpatrick et al., 2001). Teachers must know mathematics, both procedurally and 
conceptually, and be equipped with the best teaching strategies for making that mathematics 
accessible to their students (Ma, 1999). Problematically, some PSTs are graduating from their 
TEPs without adequate knowledge of mathematics content (Jacobs, 2019), they aren’t required to 
take enough courses focused on mathematics knowledge for teaching (Greenberg & Walsh, 
2008; NRC, 2001), and the content of the their coursework is not consistently exposing them to 
instructional principles grounded in cognitive science (Camara, 2019; Pomerance et al., 2016; 







The purpose of this study was to investigate the extent to which undergraduate 
elementary education programs within the State University System (SUS) of Florida included the 
National Council of Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics 
Teaching Practices (MTPs) and Mayer’s Science of Instruction Principles (SOIPs) within teacher 
education programs’ (TEPs) mathematical methods courses’ coverage of geometry and 
measurement content. The researcher sought to answer two main research questions and four sub 
questions, as noted in Chapter One. The methodology utilized to complete this study is detailed 
in this chapter. Chapter Three is divided into seven sections: (1) design of the study, (2) selection 
of participants, (3) procedures, (4) instrumentation, (5) data collection, (6) data analysis, and (7) 
summary of methodology.  
This study originated as an extension of Camara’s (2019) study, An Investigation of 
Science of Reading and Learning Representation in Undergraduate Elementary Education 
Reading Courses in the State University System of Florida. Camara’s study evidenced the SUS 
of Florida’s institutions’ undergraduate TEP coverage of five science of learning principles and 
five science of reading instruction principles, specifically looking at reading methods courses. In 
following Camara’s suggestions for future research, the current study sought to investigate the 
extent to which research-based instructional learning principles were present in mathematics 
methods courses in the SUS of Florida’s Teacher Education Programs (TEPs). The current study 




Teaching Practices (MTPs) identified by the National Council of Teachers of Mathematics 
(NCTM, 2014), and Mayer’s (2008; 2009; 2011) Science of Instruction Principles (SOIPs), as 
well as other research-based theories of learning, instruction, or motivation. This study 
specifically focused on mathematics methods courses’ content within the domains of geometry 
and measurement. A comparison of the current study with Camara’s (2019) investigation are 
displayed in Table 29.  
Table 29: 
Comparison of Camara (2019) and the Current Study 
Component Camara (2019) Current Study (Adams, 2020) 
Constructs  Instructional Practices for Reading 
and Science of Learning Principles 
 
National Council of Teachers of 
Mathematics’ Mathematics Teaching 
Practices (MTPs) and Mayer’s (2008) 
Science of Instruction Principles (SOIPs) 
Method Courses 
Studied 
Reading methods courses in each of 
the SUS of Florida’s TEPs 
Mathematics methods courses in each of 
the SUS of Florida’s TEPs 
Content Area 
Principles  
The National Reading Panel’s Five 
Science of Reading Instruction 
Principles:  
  





5 Science of Learning Principles  
modality, multimedia, organization, 
self-explanation, and feedback 
 
Mayer’s (2008; 2009; 2011) 12 Science of 
Instruction Principles  
coherence, signaling, spatial contiguity, 
temporal contiguity, segmenting, 







Design of the Study  
This study utilized a quantitative content analysis to investigate the written and intended 
curriculum of mathematics methods courses, and to report the SUS of Florida TEPs’ coverage of 




Practices, Mayer’s (2008; 2009; 2011) Science of Instruction Principles (SOIPs), and additional 
theories of learning, instruction, or motivation. This study analyzed course content within the 
domains of geometry and measurement. The use of a line-by-line content analysis allowed the 
researcher to study the behavior of teacher education programs, “in an indirect way, through an 
analysis of their communications” (Fraenkel, Wallen, & Hyun, 2015, p. 476).  
The findings from this content analysis were used to determine if there was a difference 
in the overall coverage of MTPs, SOIPs, or additional theories of learning, instruction, and 
motivation and if so, to describe the extent of that difference. This study evaluated the intended 
curriculum (course syllabi) and written curriculum (textbooks) only. The implemented 
curriculum (observations of classroom teaching and PSTs’ classroom engagement) were not 
investigated. The researcher did not investigate any written work or any completed assignments.  
Research Questions 
The following research questions guided this study.  
Research Question 1 
To what extent, if any, is there a difference between coverage of the National Council of 
Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics Teaching Practices (MTPs) 
and Mayer’s Science of Instruction Principles (SOIPs) in the State University System (SUS) of 







Research Question 1a 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include the National Council of Teachers of 
Mathematics eight high-leverage Mathematics Teaching Practices (MTPs)? 
Research Question 1b 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the National Council of Teachers of Mathematics’ 
eight high-leverage Mathematics Teaching Practices (MTPs)? 
Research Question 1c 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include Mayer’s Science of Instruction Principles 
(SOIPs)? 
Research Question 1d 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s Science of Instruction Principles 
(SOIPs)? 
Research Question 2 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks and syllabi expose preservice teachers to additional 




Selection of Participants 
The population of this study was comprised of twelve universities that were members of 
the State University System (SUS) of Florida during the 2019-2020 academic year. At the time 
of this study, two of the institutions did not offer elementary education programs. Two 
universities offered combined bachelor’s-master’s elementary education programs. Those two 
institutions were included in the study. Therefore, this study investigated a purposive sample of 
ten TEPs. A complete list of the twelve universities from the SUS of Florida and their 
elementary TEP offerings are displayed in Table 30.  
Table 30: 
State University System (SUS) of Florida Institutions with Bachelor’s Level or Combined 










Florida Agricultural and Mechanical University FAMU YES YES 
Florida Atlantic University FAU YES YES 
Florida Gulf Coast University FGCU YES YES 
Florida International University FIU YES YES 
Florida Polytechnic University FPU NO NO 
Florida State University FSU COMBINED BA/MA YES 
New College of Florida NCF NO NO 
University of Central Florida UCF YES YES 
University of Florida UF COMBINED BA/MA YES 
University of North Florida UNF YES YES 
University of South Florida USF YES YES 
University of West Florida UWF YES YES 
Procedures 
Two previous teacher education program (TEP) coursework studies have evaluated entire 
textbooks, cover to cover in search of evidence of scientific learning principles (Pomerance et 




extracted keywords and phrases related to selected learning strategies. In their study, researchers 
looked for the presence of key concepts necessary for PSTs to gain a conceptual understanding 
of each learning strategy, consistency in the communication of each learning strategy, and 
evidence that the strategy was presented in a way that could be implemented universally 
(Pomerance et al., 2016). In a separate study, which evaluated textbook coverage of distributed 
practice and retrieval practice, Surma and colleagues (2018) looked for the following: 1) a 
general description of, purpose statement for, and the function of each strategy, 2) rules for 
strategy implementation, and 3) references to empirical research.  
Camara (2019) evaluated textbooks’ table of contents and indices and coded for the 
presence of five science of learning principles as well as five reading instruction principles. 
Camara documented each principle as being explicitly stated, implicitly stated, or not stated. 
Camara’s research was qualitative in nature and provided descriptive statistics to quantify the 
SUS of Florida institutions’ coverage of the principles.   
In their 2014 book, Analyzing Media Messages, Daniel Riffe, Stephen Lacy, and 
Frederick Fico (2014) stated that “wherever possible research designs may usefully take 
advantage of existing data gathering or variable measuring techniques that have been 
successfully used in past research” (p. 42). Therefore, the author of the current study 
incorporated design components from each of the above studies in an effort to add to the body of 
knowledge (Riffe, Lacy, & Fico, 2014) regarding the PSTs exposure to research-based 





The instrumentation for this content analysis included two researcher-created scoring 
rubrics, the ©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics 
Teaching Practices (MTPs) and the ©Scoring Rubric for Mayer’s Science of Instruction 
Principles (SOIPs). These researcher-created rubrics were developed by the researcher 
throughout the literature review process. The goal of the two rubrics was to document both the 
MTPs and SOIPs through an analysis of the manifest and latent content, within the textbooks and 
course syllabi. Fraenkel, Wallen and Hyun (2015) state that when deciding how to conduct a 
content analysis, “the best solution is to use both methods whenever possible” (p. 483). Based on 
this suggestion, the researcher developed the rubrics to include construct coverage when it was 
both explicitly and implicitly mentioned, with the assumption that this method would provide a 
more comprehensive picture of PSTs exposure to the MTPs and SOIPs. The following section 
describes the process of developing the rubrics and documentation forms, as well as the process 
for establishing the validity and reliability of the instruments.  
Scoring Rubric for the NCTMs’ Mathematics Teaching Practices  
According to Riffe and colleagues (2014), “A good research design is an operational plan 
that permits the researcher to locate precisely the data that permit the question to be answered ” 
(p. 41). The purpose of the ©Scoring Rubric for the National Council of Teachers of 
Mathematics’ Mathematics Teaching Practices (MTPs) was to document the manifest and latent 




through documentation of the MTPs were used to answer the research questions that guided this 
investigation.  
 To create the © Scoring Rubric for National Council of Teachers of Mathematics’ 
Mathematics Teaching Practices, the researcher adapted the teacher and student actions for each 
of the MTPs, as provided by the NCTM (2014) in Principles to Actions: Ensuring Mathematics 
Success for All. On the rubric, the teacher and student actions provided evidence of MTP 
presence and were categorized as descriptions or explanations of the MTPs. To quantify the 
results, the researcher included a five-point rating scale (0 to 4 points) so that each analyzed 
document would receive a score for its description and explanation of each of the eight MTPs.  
Developing and Pilot Testing the MTP Rubric  
In the fall of 2019, the first iteration of the rubric was developed by the researcher. For 
each MTP, the researcher included two separate columns titled teacher actions (TAs) and student 
actions (SAs). Here, the researcher listed the TAs and SAs provided by the NCTM as evidence 
of what it looks like to carry forth an MTP in the classroom. The TAs and SAs listed on the 
rubric were adapted from Principles to Actions, where the NCTM offered them as the classroom 
evidence in their framework for educators to have “a common lens for collectively moving 
toward improved instructional practice and for supporting one another in becoming skilled at 
teaching in ways that matter for ensuring successful mathematics for all students” (NCTM, 2014, 
p. 12).  
Initially, the researcher created two iterations of this rubric, each containing the same 




the NCTM (2014), along with the corresponding TAs and SAs. Also, there were sections for 
documenting the frequency and location each of the MTPs, as well as the corresponding TAs and 
SAs. The only differences between the two iterations of the rubric was the organization of these 
elements.  
Together, the researcher and an expert from the field of mathematics pilot tested the 
rubrics. The mathematics expert held a Ph.D. in Mathematics from the University of Miami, a 
M.S. in Pure Mathematics from Purdue University, and a B.A. in Mathematics from Saint 
Norbert College. The expert had experience working as a consultant in the Department of 
Mathematics at Harcourt School Publishers, where she reviewed K-12 mathematics textbooks for 
on a daily basis. At the time of the pilot study, she was teaching AP Calculus at a college 
preparatory school in central Florida.  
On the date of the pilot study, the expert selected one of the rubric iterations based on its 
ease of use. Independently, the researcher and the expert used the selected rubric to analyze and 
score a portion of the modal required textbook of this study. The researcher and the expert, going 
one MTP at a time, documented the manifest and latent TAs and SAs found within the selected 
portion of the textbook. They recorded their findings on the rubric as they conducted the 
analysis. Next, they discussed their level of agreement regarding presence of the TAs and SAs. 
This process was completed eight times, once for each MTP.  
Establishing Validity 
The overall level of agreement between analysts was substantial. Out of the 70 TAs and 




documented the presence of 45. Furthermore, the 44 actions documented by the expert were also 
documented by the researcher. The researcher documented one additional SA, and after 
discussion it was determined that the SA was not present. The expert agreed that the rubric had 
content validity, in that it allowed for appropriate documentation of the MTPs through the 
evidence of the TAs and SAs.  
Establishing Reliability 
 Next, the scoring system on the selected rubric was discussed. The rubric was designed 
to score each document for its description and explanation for each MTP. Originally, a three-
point scale was used for scoring.  
Based on this scale, the textbook being piloted received a Level 1 explanation for all 
eight of the MTPs. However, there was great variation between the number of teacher actions 
and student actions documented for each of the MTPs. For example, documentation of MTP8 
indicated that there were no TAs present and only one SA was documented, placing it at a level 1 
for explanation of MTP8. However, there were three TAs and two SAs documented for MTP1, 
and those actions were not directly applied to the mathematics content, so the textbook 
explanation of MTP1 was also scored as a level 1. Both the researcher and the expert agreed that 
the three-point scale, as written, was not adequate, as it would not provide a precise picture of the 











Coverage of MTP 
was Considered Criteria 
Level 2 2 points Well -Developed Level 1 plus applied to mathematical content. 
Level 1 1 point Developed 
Teacher and/or student actions present, but not 
applied to content. 
Level 0 0 points Not Developed No teacher or student actions present. 
 
Together the researcher and the expert created a new version of the three-point scale for 
explanation. The new three-point scale was tested against the textbook pages that were analyzed 
during the pilot study and it was agreed upon that this scale provided a more precise picture of 
the textbook’s coverage of the MTPs. This revised scale is described in the following section, 
which describes the reiteration of the rubric.  
During the pilot test, there had been some discrepancy between analysists regarding their 
determination of whether the documented actions were implicitly or explicitly stated. This was 
problematic, since the three-point scale for scoring a textbook’s description of the MTPs was 
dependent upon whether MTPs were implicitly or explicitly stated. Table 32 displays this three-
point scoring system. The analysts disagreed on their determinations of whether TAs and SAs 
were implicitly stated or explicitly stated but agreed that the scoring components for MTP 
description and MTP explanation were inadequate as written. The researcher modified this scale 
after the pilot test, as the goal of the pilot test had been accomplished when both analysts agreed 
that the content validity of the rubric had been established. The researcher describes the 




Table 32:  





Coverage of MTP 
was Considered Criteria 
Level 2 2 points Explicitly stated At least one TA or SA was explicitly stated.  
Level 1 1 point Implicitly stated At least one TA or SA was implicitly stated. 
Level 0 0 points Not stated TAs and SAs were not present.  
 
Reiterating the MTP Rubric 
The content validity of the rubric was determined during the pilot test. However, it was 
agreed that the rubric required several modifications in order to more precisely score presence of 
the MTPs. Therefore, a second iteration of the rubric was finalized, which included revised 
three-point rating scales as well as a place for page numbers to be documented.  
During the pilot test, the researcher and the expert had agreed upon a new scale for 
explanation, which was included in the second iteration of the rubric. As displayed in Table 33, 
this revision to the three-point scale no longer required a level 2 explanation to be applied to 
mathematics content within the textbook. Instead, a textbook would score 2 points if more than 
half of all TAs and SAs were present. On this scale, a level 1 explanation required at least one 
teacher action to be present. Textbooks earned 0 points if there were no teacher actions, even if 
student actions were present. It should be noted that this scale was modified again in the final 
iteration of the rubric, once the researcher used the scale to score several textbooks and 












Level 2 2 points Well-Developed More than ½ of all actions are present. 
Level 1 1 point Developed 
At least 1 teacher action, and less than half of all 
teacher and student actions are present. 
Level 0 0 points Not Developed 
No teacher actions are present and less than half of 
student actions are present 
 
On the second iteration of the rubric, the checkbox for description of the MTP was 
removed and a table was added. This table was to be used for documenting the frequency of 
implicit and explicit TAs and SAs. Using this table, each TA and SA would be indicated by a 
tally mark the corresponding column. Figure 6 provides a snapshot of the frequency table as it 
appeared on the second iteration of the rubric.  





On this rubric, a description score was generated by referencing the frequency table and 
based on the criteria displayed in Table 34. Upon reiterating this scale and applying it to the 
content analysis of several textbooks, the researcher determined that it did not provide a more 
precise picture of MTP description, despite the frequency tracking. 
Table 34:  
Three-Point Scale for MTP Description 
Level Point Value 
Coverage of MTP was 
Considered Criteria 
Level 2 2 points Explicitly Stated MTP was explicitly stated at least once.  
Level 1 1 point Implicitly Stated MTP was inferred.  
Level 0 0 points  Not Stated MTP was not present.  
 
The Final Iteration of the MTP Rubric 
According to Lunenburg and Irby (2008) “Reliability is the degree to which an 
instrument consistently measures whatever it is measuring” (p. 182). During the iteration, 
revision, pilot testing, and reiteration process for the ©Scoring Rubric for the National Council 
of Teachers of Mathematics’ Mathematics Teaching Practices, the three-point scoring scale was 
developed and then revised to increase the consistency of scores and to develop a system that 
could more accurately describe MTP coverage within textbooks.  
Establishing Reliability 
While using the revised three-point scoring scale during the content analysis of multiple 
textbooks and syllabi, it became evident that the rubric required further modification. There was 
too much variability between the number of TAs and SAs within each level of description and 




precision, and the final rating scale ranged from 0 to 4 points. This scale adjustment applied to 
MTP description scores and MTP explanation scores.  
Furthermore, during content analysis the researcher realized that scoring MTPs based on 
whether they were implicitly stated or explicitly stated did not provide an accurate picture of the 
depth of coverage for each MTP. For example, one syllabus’ implicitly stated MTP was 
embedded within an assignment that required the PST to develop a lesson plan, teach the lesson, 
and reflect upon the lesson. A separate syllabus explicitly stated that same MTP but did so only 
in the course objectives. Based on the three-point scale for description in the second iteration of 
the rubric the second syllabus was assigned a score of 2 and the first syllabus, which required 
application of the MTP, was only assigned a score of 1. The three-point scale did not account for 
the fact that the PST had to apply the MTP in the lesson plan assignment. The result of this 
realization led the researcher to operationalize the definitions of description and explanation and 
modify the scoring scale for a third time.  
Operationalizing Description and Explanation  
The researcher utilized definitions from Merriam-Webster to distinguish between what 
content would qualify as a description of an MTP teacher action (TA) or student action 
(SA) versus an explanation of that action. Merriam-Webster defined explanation as, “the process 
of (a) showing the logical development of, or (b) or giving the reason for or cause of”, and 
provided synonyms such as demonstrate, illuminate, illustrate, spell out, and clarify 
(“Explanation,” n.d .). Furthermore, description was defined as, “a statement or account giving 




(“Description,” n.d.). These definitions were used to modify the scoring scales on the rubric. 
Also, since the definition for description was no longer based on whether the TA or SA was 
implicitly or explicitly stated, the frequency table was removed from the rubric.  
Operationalizing Implicit Versus Explicit 
The final iteration of the rubric, located in Appendix B, included the addition of four 
separate columns for documenting the page number of the teacher actions and student actions 
based on whether they were implicitly stated or explicitly stated. The original scoring pattern that 
was assigned to this portion of the rubric was removed, as it was determined not to provide 
substantial descriptive evidence of MTP coverage. On this final rubric, implicit and explicit 
mention of the TAs and SAs were being documented solely for the researcher’s knowledge, and 
therefore, there was no scoring pattern assigned to those designations. For consistency, the 
researcher operationally defined explicit and implicit. Explicit was operationally defined as fully 
developed, clearly stated, and unambiguous (“Explicit,”, n.d.). Implicit was operationally defined 
as, “capable of being understood from something else though unexpressed; implied” (“Implicit,” 
n.d.).  
Validity of the Final Rubric 
As previously mentioned, upon completion of the first iteration, pilot testing of the © 
Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching 
Practices was completed by a mathematics expert with a PhD in Mathematics, professional 
experience in textbook content analysis, and over twenty years of mathematics teaching 




identical documentation of the teacher actions and student actions, and both agreed that the 
rubric demonstrated content validity for measuring the presence of the NCTM’s eight high-
leverage MTPs. Research experts state that when conducting a content analysis, the validity and 
reliability can be established based on the “agreement between two categorizers” (Fraenkel, 
Wallen & Hyun, 2015).  
Based on expert feedback, changes were made to the format and scoring scales of the 
rubric. The resulting second iteration of the rubric was formally tested. The second iteration was 
revised. The three-point scale was expanded to a five-point scale, and operational definitions for 
description and explanation were added. These modifications were sent to methodology field 
experts for their approval. The mathematics content of the original rubric was not modified at all 
during the second or final iteration. Therefore, no content changes occurred after content-related 
validity was established. Only the scale and format of the rubric were later modified. Field 
experts agreed upon the final draft of the rubric, which is in Appendix B.  
Scoring Rubric for Mayer’s Science of Instruction Principles  
Designed to be used for the content analysis of written materials, the purpose of the © 
Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) was developed to 
document the presence of instructional principles grounded in cognitive science as they are 
embedded within written materials. To create this rubric, the researcher adapted instructional 
strategies and key descriptions from Richard E. Mayer’s (2008) article Applying the Science of 
Learning: Evidence-Based Principles for the Design of Multimedia Instruction, his 2009 book 




Like the MTP rubric, this rubric was designed to include two documentation categories, level of 
SOIP description and level of SOIP explanation. 
Developing and Pilot Testing the SOIP Rubric 
The researcher developed the first iteration of the rubric based on a thorough review of 
the literature. The researcher also sought feedback from experts in the fields of educational 
psychology and curriculum and instruction, as well as engaging in a brief phone conversation 
with Dr. Richard E. Mayer. All parties agreed that the rubric should separate the Science of 
Instruction Principles (SOIPs) into three categories based on the cognitive processes taking place 
during instruction. Those three categories, as described by Mayer (2008; 2009, 2011) in his 
Cognitive Theory of Multimedia Learning (CTML), are selecting, organizing, and integrating. 
The first iteration of the rubric included twelve Science of Instruction Principles. For each 
Science of Instruction Principle (SOIPs), the researcher included two separate columns titled 
teacher actions (TAs) and teacher understandings (TU). In the teacher actions column, the 
researcher described at least one teacher action that should be present during instruction if a 
teacher were to be implementing that SOIP. In the teacher understandings column, at least one 
fact from learning science that provided rationale for SOIP implementation was included. 
 Upon completion, the first iteration of the rubric was sent to experts in the field of 
educational psychology and curriculum theory and implementation for review. Experts provided 




Establishing Validity and Reliability  
Pilot testing of the SOIP rubric was completed by two field experts. The first field expert 
held a PhD in Educational Technology, had previously designed digital coursework for NASA 
Langley, and had over twenty years of classroom teaching experience. The second expert was a 
principal in his fifteenth year of school leadership with had fifteen years of experience as a 
classroom teacher. The first pilot test was completed by the expert with a PhD in Educational 
Technology who had utilized Mayer’s Cognitive Theory of Multimedia Learning as the 
theoretical framework for her dissertation. During this pilot test, the expert evaluated pages from 
the modal textbook and used the rubric to identify SOIPs as they appeared within the text. Upon 
completion of the pilot test, this expert confirmed the content validity of the rubric and suggested 
several formatting modifications. The rubric was modified based on this formatting feedback, but 
no content was changed. The reformatted rubric was then pilot tested independently by the 
school principal and the researcher. There was 96% agreement between raters, which established 
the reliability of the rubric.  
Data Collection 
 To answer the research questions that guided this study, the researcher utilized a 
quantitative document analysis of course syllabi and textbooks. Data collection was divided into 




Phase I Procedures 
 During the first phase of data collection, the researcher generated a list of universities 
within the SUS of Florida that offered elementary education programs at the undergraduate or 
bachelors-masters level. Once this list was generated, the researcher searched the websites of 
each SUS of Florida institution to locate corresponding elementary education degree 
requirements. The researcher utilized each institution’s digital course catalog for the 2019-2020 
academic year to identify all required mathematics methods courses, as labeled with the MAE 
identifier. A list of the required undergraduate mathematics methods courses is displayed in 
Table 35. All 19 of the MAE courses included in this investigation were offered during the 2019-
2020 academic year, during either the fall or spring semesters. Therefore, there were no summer 
courses included in this analysis.  
Table 35:  
State University System (SUS) of Florida Required Mathematics Methods Courses 
Quantity  Required Mathematics Methods Courses 
2 
MAE 3310: Mathematics in Elementary School I 
MAE3326: Teaching elementary School Mathematics II 
2 
MAE 4310: Mathematics Content and Standards for K-6 Teachers 
MAE 4350: Principles & Methods: K-9 School Math 
1 MAE 4310: Math Content & Processes 
2 
MAE 4310: Content and Methods of Teaching Elementary Mathematics 
MAE 4312: Advanced Content and Methods of Teaching Elementary Mathematics 
3 
MAE 4114 Learning Progressions in Elementary Education 
MAE 4310 The Teaching of Elementary School Mathematics 
MAE 4326 How Children Learn Mathematics 
3 
MAE 3310: Elementary Mathematics for Teaching I 
MAE 3311: Elementary Mathematics for Teaching II 
MAE 4326: How Children Learn Mathematics 
2 
MAE 3312 Content and Methods for Teaching Mathematics Processes  
MAE 4310 Teaching Mathematics in the Inclusive Elementary Classroom  




Quantity  Required Mathematics Methods Courses 
2 
MAE 4310: Teaching Elementary School (K-6) Mathematics I 
MAE 4326: Teaching Elementary School (K-6) Mathematics II 
1 MAE 4310: Teaching Math 
19 Total Courses 
Phase II Procedures 
The second phase of data collection required the researcher to obtain the course syllabi 
for the each of the 19 mathematics methods courses listed above. Although the researcher 
originally intended to limit the study to courses offered in the Fall of 2019, some of the courses 
were only offered during the Spring 2020 semester. Therefore, to gain a more comprehensive 
view of construct coverage within all SUS of Florida schools, the researcher expanded the study 
to include the spring term.  
The process of collecting course syllabi took place over a three-month period. In the fall 
of 2019, the researcher conducted an online search to identify five representatives from the 
college of education for each SUS of Florida TEP included in the study. These individuals were 
listed online as program coordinators, program deans, administrative associates, or the 
instructors assigned to teach the required MAE courses during the Fall 2019 semester. In 
November of 2019, the researcher individually emailed the five representatives from each TEP to 
request access to the FALL 2019 syllabi. In Microsoft Excel, the researcher maintained a 
detailed log of emails sent, delivery receipts, and read receipts, as well as the responses received 
from the program representatives.  
On first attempt, TEP2, TEP3, TEP6, and TEP8 provided the researcher with course 




attempts, no syllabi were obtained, and no responses were received. Prior to the fifth attempt, the 
researcher updated the contact log by adding the email addresses and phone numbers of several 
new representatives from TEP1, TEP4, and TEP9. The researcher continued to contact each of 
the three remaining TEPs, by phone and email, until all syllabi were collected. TEP4 provided 
course syllabi on the sixth contact. TEP1 provided syllabi on the seventh contact, and TEP9 
provided syllabi upon an eighth contact. By February 2020, the researcher had received all 19 
syllabi.  
Phase III Procedures 
 The third phase of data collection involved identifying and acquiring the required 
textbooks for each of the 19 MAE courses. The researcher searched each institution’s online 
bookstore to locate the required textbooks and compared that list to the textbooks listed by 
course instructors in the course syllabi. Several discrepancies were noted while cross checking 
this data. Those discrepancies were described below.  
For two of the SUS institutions, the bookstore websites listed textbook editions that did 
not match the textbook editions listed on the syllabi. To ensure that the correct textbook was 
chosen for analysis, the researcher referred to the course schedule and compared assigned 
reading to both editions of the textbooks. The textbooks that aligned to assigned reading were 
included in this analysis. The editions that did not align were disregarded. Once proper textbooks 
were identified, the researcher purchased a digital or print edition of each textbook. A total of 10 
textbooks were identified and purchased by the researcher. The ten textbooks studied in this 





State University System (SUS) of Florida Required Textbooks 
Required Textbooks Institution(s) 
Dixon, J.K, & Nolan, E.C., Lott Adams, T., Brooks, L.A. & Howse, 
T.D. 2016). Making sense of Mathematics for teaching grades k-2. 
Bloomington, IN: Solution Tree Press. 
TEP6 
Dixon, J.K, & Nolan, E.C., Lott Adams, T., Tobias, J.M. & Barmoha, 
G. (2016). Making sense of Mathematics for teaching grades 3-5. 
Bloomington, IN: Solution Tree Press. 
TEP3, TEP6, TEP8 
Dolan, D., Williamson, J., & Muri, M. (2015). Mathematics activities 
for elementary school teachers. (12th ed.). Boston. 
TEP7 
Empson, S. B., & Levi, L. (2011). Extending children’s mathematics: 
Fractions and decimals. Portsmouth, NH: Heinemann.  
TEP5 
Reys, R.E., Lindquist, M. Lambdin, D.V., & Smith, N.L. (2014). 
Helping children learn mathematics. Danvers, MA: John Wiley & Sons.  
TEP2 
 
Smith, M.S., & Stein, M. K. (2018). 5 practices for orchestrating 
productive mathematics discussions. (2nd ed.). Reston, VA: The 
National Council of Teachers of Mathematics, Inc.  
TEP5 
Sowder, J., Sowder, L., & Nickerson, S. (2017). Reconceptualizing 
mathematics for elementary school teachers. (3rd ed.). New York, NY: 
W.H. Freeman and Company.  
TEP5 
Van de Walle, J. A., Loving, L.H., Karp, K.S., & Bay-Williams, J.M. 
(2018). Teaching student centered mathematics: Volume 1 grades Pre-k-
2. (3rd ed.). New York, NY: Pearson. 
TEP5 
Van de Walle, J. A., Loving, L.H., Karp, K.S., & Bay-Williams, J.M. 
(2018). Teaching student centered mathematics: Volume 1 grades 3-5. 
(3rd ed.). New York, NY: Pearson. 
TEP7 
Van de Walle, J., Karp, K. S., & Bay-Williams, J.M. (2015). 
Elementary and middle school mathematics: Teaching developmentally 
(9th ed.). New York, NY: Pearson. 
 
Van de Walle, J., Karp, K. S., & Bay-Williams, J.M. (2019). 
Elementary and middle school mathematics: Teaching developmentally 
(10th ed.). New York, NY: Pearson.  






Phase IV Procedures 
 After finalizing the list of required textbooks for each SUS of Florida institution, the 
researcher conducted the Phase IV textbook content analysis. This phase consisted of a line-by-
line content analysis of each required textbook. This section describes the procedures followed 
by the researcher. First, the researcher had to identify the pages of each textbook that would be 
analyzed. Once pages were identified, the researcher began the content analysis of the textbooks 
and documented construct presence using the researcher-created scoring rubrics. Then the 
researcher assigned a score for each MTP and SOIP based on the five-point scale included on 
each rubric. These scores were later transferred to a Microsoft Excel spreadsheet for further 
analysis.  
Preparing for the Content Analysis of Textbooks  
Since this study was limited to the investigation of geometry and measurement content, 
the researcher first needed to identify that pages of the textbook referring to geometry and 
measurement. Some textbooks included chapters that were explicitly labeled as geometry or 
measurement. Others included chapters explicitly covering topics that fell within the domains of 
geometry and measurement, such as Polygons or Symmetry. Other textbooks did not have 
chapters or headings that explicitly covered geometry or measurement but did include geometry 
or measurement concepts within other topics.  
The researcher developed a step by step process for determining which pages of the 
textbook to include in the analysis, as outlined in the ©Textbook Coding Decision Guide (See 




required textbooks for each of the 19 MAE courses. Appendices E and F include samples of how 
the ©Textbook Coding Decision Guide was used for various MAE courses. Once the researcher 
determined which portions of the textbooks were to be evaluated, the researcher began the 
content analysis.  
Conducting the Textbook Content Analysis 
For each textbook, the researcher labeled four documents to be used during the analysis 
of geometry content and four for the analysis of measurement content, totaling eight documents 
for each textbook. Those documents included two each of the following, one for each domain: 
the ©Scoring Rubrics for the National Council of Teachers of Mathematics’ Mathematics 
Teaching Practices (MTPs), the ©Scoring Rubrics for Mayer’s Science of Instruction Principles, 
and two separate forms for documenting coding additional research-based theories of learning, 
instruction, and motivation. On each instrument the researcher indicated the textbook and pages 
being analyzed, the content domain, and the name of the evaluator.  
Once documents were labeled, the content analysis began, and the researcher read 
through the textbook line-by-line, stopping frequently to reference the rubrics while checking for 
the presence of constructs. If the researcher identified a teacher action (TA) or student action 
(SA) corresponding to one the MTPs or a teacher action (TA) or teacher understanding (TU) 
corresponding to one of the SOIPs, those actions were tracked following the steps outlined 
below. The researcher:  




• wrote the construct code next to the corresponding text or typed the code if a 
digital copy of the textbook was being used; 
• documented the page number of the construct by writing it on the appropriate 
rubric. This is where the researcher determined if constructs were implicitly 
stated or explicitly stated, and whether they qualified as descriptions or 
explanations. The criteria utilized by the research to determine these 
categorizations is further explained in the following paragraphs and explained on 
each of the rubrics.  
The researcher continued this line-by-line process until all the designated pages were 
analyzed and documented. All content that referred to knowledge or skills outside the scope of 
K-5 instruction was excluded from the analysis. However, the researcher did read these sections, 
and any references made to previous learning progressions or suggestions for building prior 
knowledge during the K-5 years, were coded and included in this analysis. 
 Upon completion of the content analysis, the researcher scored each MTP and SOIP. To 
do this, the five-point scales on each rubric were referenced to determine each textbook’s score 
for the description and explanation of the constructs.  
Phase V Procedures 
 This section describes the procedures followed by the researcher during the line-by-line 
content analysis of the 19 MAE course syllabi. The researcher analyzed all 19 syllabi a total of 3 
times before deciding upon the procedures that would best answer the research questions. Once 




field experts who had previously provided input regarding the content-related reliability of both 
rubrics. The experts determined that the procedures outlined below would result a consistent 
documentation of the MTPs and SOIPs within the 19 syllabi included in this investigation.  
Preparing for the Content Analysis of Syllabi 
First, the researcher categorized the syllabi to determine which forms would be needed to 
most accurately document construct coverage. Each course syllabus fell into one of four 
categories, depending upon the domains covered by the course. Some courses explicitly covered 
geometry and measurement, others covered a single domain, and some did not have coverage of 
either domains. The categorization of syllabi is displayed in Table 37.  
Table 37: 
Categorizing Syllabi for Content Analysis  
Category Domains Covered 
1 Geometry and measurement 
2 Geometry only 
3 Measurement only 
4 No coverage of geometry or measurement. 
 
Like the textbook analysis, the researcher-created rubrics and documentation forms were 
used to document construct evidence within each syllabus. Tables 38 and 39 were developed as a 
reference for the researcher to use when determining which forms were necessary the analysis of 






Table 38:  
Forms Used for Geometry and Measurement Content 
Domain  Geometry  Measurement 
  MTP SOIP  MTP SOIP 
Syllabus Category       
1  √ √  √ √ 
2  √ √    
3     √ √ 
4       
 
Table 39:  
Forms Used for Syllabi Content Ambiguously Applied to Geometry or Measurement 
Domain 
 Ambiguous to Both Geometry 
and Measurement  
Ambiguous only to 
Geometry  




  MTP SOIP  MTP SOIP  MTP SOIP   
Syllabus Category            
1  √ √         
2     √ √      
3        √ √   




When analyzing a syllabus, the first step was to determine the appropriate documentation 
forms using Tables 38 and 39. Next, the forms were labeled to indicate the course name, the 
domain documented on that form, and the name of the evaluator. Once documents were labeled, 
the researcher read through each syllabus line-by-line, stopping frequently to reference the 
rubrics. If the researcher identified a teacher action (TA) or student action (SA) corresponding to 
one the MTPs or a teacher action (TA) or teacher understanding (TU) corresponding to a SOIP, 
those actions were documented following the steps outlined below. The researcher:  
• highlighted or underlined the corresponding text; 
• wrote the construct code next to the text or typed the code if a digital copy of the 
syllabus was used; 
• documented the page number of the construct by writing it on the appropriate 
rubric. This is where the researcher determined if constructs qualified as 
descriptions or explanations, and whether they were implicitly stated or explicitly 
stated. The criteria utilized by the research to determine these categorizations is 
explain in further detail in the follow paragraphs and is also located on each of 
the scoring rubrics.  
Conducting the Syllabi Content Analysis 
During the analysis of each syllabus, assignments, course objectives (CO) and student 
learning outcomes (SLO) were coded and documented. Constructs were only included once for 
presence within a single assignment, CO, or SLO. If an assignment, such as a unit plan, included 




if the assignment included four sections, and a single construct appeared in all four sections, that 
construct was documented four times on the appropriate rubric.  
If a construct appeared more than once within an assignment, course objective, or student 
learning outcome, the highest level of mention was documented. For example, if MTP1-TA4 was 
documented as implicitly stated once in the written description of a lesson plan, implicitly stated 
twice within the referenced standard, and explicitly stated once within a separate set of 
referenced standards, the researcher included MTP1-TA4 one time only and at an explicit level. 
Figure 7 displays the documentation of MTP1-TA4 as it was described above. In Figure 7, the 
page number of MTP1-TA4 was placed in the explicit column, under explanation since it was 
located within a course assignment. 
 
 




If MTP1-TA4 was found within a course objective, student learning outcome, or any 
other location that did not require the PST to apply the construct, the page number was 
documented in the explicit column, under Description. See Figure 8 for a documentation 
example of MTP1-TA4 if application of the construct was not required. As displayed, the page 
number of MTP1-TA4 would be documented in the explicit column, under description.
 
 
Figure 8: Documentation of MTP1-TA4 if found outside of an Assignment Description
Three Categorizations for MTPs and SOIPs 
For course syllabi, the researcher separated construct evidence in three different ways.  
1. First, the presence of each construct within a course syllabus was categorized as an 
explicit mention or implicit mention. (The operationalized definitions used by the 




constructs can be found earlier in this chapter, under the heading instrumentation, and the 
subheading Operationalizing Implicit Versus Explicit.) 
2. Second, each construct was categorized as either a Description or Explanation. 
i) Description: General presence of TAs, SA, or TUs in the syllabus. 
ii) Explanation: Presence TAs, SAs, or TUs applied within course assignments or 
activities. 
3. Third, each construct was documented on the appropriate rubric based on domain. 
Documenting Explicitly Referenced Standards 
Most syllabi listed standards in matrices, corresponding to assignment descriptions, or in 
alignment with COs or SLOs. Therefore, researcher independently coded all referenced 
standards. The constructs covered within the standards was organized in a construct consistency 
log. Throughout the analysis, the researcher referred to this log to ensure that referenced 
standards were documented consistently between the 19 syllabi.  
Some syllabi explicitly referenced standards in alignment with course objectives or 
assignments. In this scenario, two steps were followed. First, the written description of the 
assignment, CO, or SLO was coded and documented. Second, coding from the standards was 
documented. Two examples of standards aligned to syllabi content are in Appendix G.  
Documenting Generally Referenced Standards 
When a syllabus made general reference to a standard or competency but did not include 
any standard indicators, the researcher only documented constructs that were present in the 




that standard were covered, as they were not explicitly referenced. An example of a generally 
referenced standard is in Appendix G.  
Documenting Other References to Standards 
To located standards that were referenced within syllabi, the researcher searched the 
FLDOE website, digital databases, as well as an online search using Google or Google Scholar. 
If not discoverable through any of these search methods, the referenced standards were assumed 
to be out of date or listed by mistake, and they were not included in the content analysis.  
Documenting Vague References to Standards 
During the content analysis the researcher encountered several syllabi that included 
implied references to standards. An example of a vague reference to the NCTM standards is in 
Appendix G. Although these references eluded to standards being covered in the course, there 
was no explicit alignment of standards with syllabi content. Therefore, these standards were not 
included in the analysis.  
Analyzing Assignments within the Syllabi 
Assignments were analyzed for the presence of constructs and documented on the rubrics 
under the explanation column. Explanation required PSTs to apply the constructs present in the 
assignment descriptions as well as any accompanying standards that may have been listed. The 
procedures used to analyze assignments were outlined below.  
Weekly or Repeated Assignments 
Several course syllabi explicitly labeled some assignments as occurring weekly. Table 40 




assignments. There were reading reflection journal assignments listed in most syllabi. Specific 
examples of how the researcher determined whether to include those assignments were made 
based on the criteria outlined in Table 41.  
Table 40:  
Determination of Inclusion for Assignments Related to Assigned Reading 





It was assumed that construct coverage within weekly reading 




Reading quizzes were considered an application of constructs; 
therefore, they were included on the rubrics as evidence under 
documentation of construct Explanation. For example, see 
TEP10 MAE4310 assignment content proficiency and reading 




IF the MAE course had geometry or measurement reading 
specifically assigned at some point during the course, the 
reading reflection journal assignments may have been 
included; if, geometry or measurement were listed as a topic 
on the date that a reading journal was due, the constructs from 
the reading journal assignments were counted. Constructs were 





If the entire MAE course did not assign reading for geometry 
or measurement, the reading reflection journals were not 






Examples of Included and Excluded Reading Journal  
Included Reading Journals Excluded Reading Journals 
MAE4350 had four classes with Geometry listed as a 
topic of discussion. On two of those class dates, the 
reading did not explicitly mention geometry, but the 
researcher assumed that the class discussion would 
involve application of the reading topic to Geometry 
instruction. Specifically, during Week #3 of MAE 
4350 the assigned reading involved Math Theory (Ch. 
2) and Math Lesson Planning (Ch. 3) and the class 
topic was Geometry Terms, Tessellation, Less/Unit 
Plans, Learning Theory. The constructs from the 
journal reflection assignment were included for this 
class meeting, even though the reading assignment 
didn’t mention Geometry.  
MAE4310 included 2 written response 
journals for geometry and 1 for measurement, 
but the description for the assignment did not 
include any constructs. The researcher 
assumed that any constructs related to this 
assignment would be included in the textbook 
content analysis.  
Researcher did not include the three reading 
journal activities as ambiguously applied to 
geometry and measurement, since they reflect 
reading and the course does not have 
assigned geometry and measurement reading 
 
In-Class Activities 
In certain cases, weekly in-class activities were included within syllabi pre-content. These 
assignments were documented by the researcher in one of two ways, depending upon the 
presence of a course schedule.  
1. Course Schedule Provided: When an activity or assignment was indicated by a 
syllabus’ pre-content to occur during all class meetings, the researcher utilized the 
course schedule to determine the frequency for construct documentation. For 
example, if three class meetings included topical coverage of geometry, the 
assignment constructs were documented on the geometry rubrics three times, once for 




2. No Course Schedule Provided: When a course schedule was not provided, constructs 
were documented once on the rubric labeled for being ambiguously applied to 
geometry and/or measurement. 
Class Discussions 
Constructs found within the description of class discussions were either included or excluded 
based on the following criteria. 
1. Constructs were not included when the course schedule did not provide enough 
information to determine that geometry or measurement was included as a main topic for 
a specific class meeting. If the syllabus did not include a course calendar, constructs 
covered for class discussions were not included.  
2. Constructs were included for each date that a course calendar indicated geometry or 
measurement as the primary domain of focus for a class meeting.  
Final Exams 
If a final exam description included constructs, but geometry or measurement were not 
covered in the course schedule or as a topic within the course, the constructs related to that final 
exam were excluded. Otherwise, constructs were included and documented under explanation for 
geometry and measurement, dependent upon domain coverage within that course. 
Additional Criteria Used to Determine the Inclusion of Assignments 
1. Due Date. If an assignment’s due date fell before topical coverage of geometry or 
measurement, the constructs coded for that assignment were excluded from the analysis. 




measurement were analyzed, with one exception. One institution included a manipulative 
kit assignment. The syllabus indicated that this kit was to be utilized during in-class 
hands-on activities. Although the due date for the kit fell before topical coverage for 
geometry and measurement, it was assumed that this kit was utilized during instruction 
for all domains. Therefore, constructs from the manipulative kit assignment were 
documented once for each class meeting that included topical coverage of geometry and 
measurement. 
2. No Due Date. When assignments were listed with no due date, they were not included in 
the analysis unless they mentioned application to geometry or measurement. 
3. No Course Schedule. No Reference to Geometry and Measurement. Some syllabi did not 
include a course schedule, but the course included topical coverage of geometry and 
measurement. For these syllabi, constructs were included in the analysis when geometry 
or measurement were referenced within assignments or found within the referenced 
standards and competencies.  
Analyzing Syllabi Pre-Content 
The researcher operationally defined syllabi pre-content as “all information listed before the 
course schedule and assignments in a syllabus”. The following procedures were used to code 
course pre-content.  
1. Program Conceptual Framework. The researcher did not include constructs found in the 




linked to an assignment or topical coverage of Geometry or Measurement elsewhere in 
the syllabus.  
2. Course Objectives and Student Learning Outcomes. Constructs present within course 
objectives and student learning outcomes were documented in one of three ways.  
a. Domain documentation. If COs or SLOs were linked to a specific assignment 
within the domains of geometry or measurement, constructs were documented on 
the rubric corresponding to that domain. The same constructs were documented 
under Explanation for each assignment explicitly linked to Cos or SLOs.  
b. Ambiguous domain documentation. When constructs within COs and SLOs were 
not explicitly linked to assignments or course activities, and the course included 
topical coverage of geometry and/or measurement, the researcher documented 
those constructs on a separate rubric titled Ambiguous Coverage. It was assumed 
that COs and SLOs applied to all course content.  
3. Not documented. No geometry or measurement coverage. If a syllabus did not mention 
geometry or measurement, constructs found within COs and SLOs were not documented 
on any rubric. 
Following all the procedures listed above, the researcher conducted a line-by-line content 
analysis of the 19 course syllabi included in this study. Constructs were documented on the 
researcher-created scoring rubrics and coding was logged on separate documentation forms. 




MTP and SOIP based on the five-point scale from each rubric. These scores were later 
transferred to the Microsoft Excel data spreadsheet.  
Data Analysis 
 Once the content analysis of the course syllabi and required textbooks was completed, the 
final MTP and SOIP rubrics were created for each TEP. To generate these final rubrics, the 
research combined all documented MTP teacher actions (TAs) and student actions (SAs) for all 
of a TEP’s required textbooks into a single form for textbooks’ MTP presence within geometry 
and a single form for textbooks’ MTP presence within measurement. This same process was 
completed for each TEP’s syllabi coverage of the MTPs. This process was also completed for 
each TEP’s coverage of the SOIPs within all textbooks and within all syllabi. Therefore, each 
TEP had eight final rubrics: 1) textbook MTP presence within geometry, 2) textbook MTP 
presence within measurement, 3) syllabi MTP presence within geometry, 4) syllabi MTP 
presence within measurement, 5) textbook SOIP presence within geometry, 6) textbook SOIP 
presence within measurement, 7) syllabi SOIP presence within geometry, and 8) syllabi SOIP 
presence within measurement.  
Once all final rubrics were created for each TEP, the researcher transferred the data to a 
Microsoft Excel data file. Following the researcher’s initial transfer of all description and 
explanation scores for the MTPs and SOIPs, the accuracy of the data transfer was triple verified. 
Once all data had been triple verified, one copy of the Microsoft Excel file was saved for later 
color conditioning, and another copy was exported to the Statistical Package for Social Science 




1. First Verification 
o The researcher reviewed all textbooks and syllabi for coded constructs and 
verified the accuracy of the transfer of the MTP and SOIP codes from the 
textbooks and syllabi to the scoring rubrics.  
o On a separate date, a second reviewer read the constructs aloud to the researcher, 
as the researcher checked the rubrics for accuracy 
2. Second Verification 
o The researcher reviewed each of the rubrics to verify that scores had been 
accurately calculated based on the five-point scale.  
3. Third Verification 
o After verifying the accuracy of coding transfer from textbooks and syllabi to the 
rubrics, and verifying the calculation of scores on the rubrics, the researcher 
compared rubrics to the Microsoft Excel Data File to ensure accuracy.  
o On a separate date, the researcher voice recorded a reading of the scores from 
each of the rubrics. Then, the researcher and a second reviewer listened to the 
recording while checking the Microsoft Excel data file for accuracy. 
The researcher utilized a quantitative analysis of the data to answer each of the research 
questions that guided this study. Table 42 displays the research questions, data sources, and data 
analysis used to answer each question. The procedures used to analyze each research question 




Table 42:  
Research Questions, Data Sources, and Method of Analysis 
RQ Research Questions Data Source Method of Analysis 
1 To what extent, if any, is there a difference between coverage of the National Council 
of Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics Teaching 
Practices (MTPs) and Mayer’s Science of Instruction Principles (SOIPs) in the State 
University System (SUS) of Florida’s Teacher Education Programs (TEPs) 






analysis, descriptive and 
inferential statistics 
 
1a To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include the National Council of Teachers of 






analysis, descriptive and 
inferential statistics 
 
1b To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the National Council of Teachers of 
Mathematics’ eight high-leverage Mathematics Teaching Practices (MTPs)? 
Course Syllabi 
Quantitative content 
analysis, descriptive and 
inferential statistics 
 
1c To what extent, if any, do the SUS of Florida undergraduate elementary education 







analysis, descriptive and 
inferential statistics 
 
1d To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s Science of Instruction 
Principles (SOIPs)?  
Course Syllabi 
Quantitative content 
analysis, descriptive and 
inferential statistics 
 
2 To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks and syllabi expose preservice teachers to 












Analysis of Research Question 1 
To what extent, if any, is there a difference between coverage of the National Council of 
Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics Teaching Practices (MTPs) 
and Mayer’s Science of Instruction Principles (SOIPs) in the State University System (SUS) of 
Florida’s Teacher Education Programs (TEPs) mathematics methods courses?  
To answer research question one, the researcher compiled the data gathered to answer 
research questions 1a, 1b, 1c, and 1d into a single data file. Descriptive statistics were presented 
in the form of minimums, maximums, sum of scores, and mean scores. In order to provide a 
quick visual reference, absolute and relative color comparisons were applied to mean scores, 
which were also ordered from greatest to least. The keys for the absolute and relative color 
comparisons are in Appendix H. Inferential statistics in the form of t-tests and one-way 
ANOVAs were utilized to compare coverage of the constructs. A MANOVA was used to 
compare the description and explanation scores of all MTPs. A MANOVA was also utilized to 
compare the description and explanation scores of the SOIPs, once they were separated into the 
three categories of selecting, organizing, and integrating, based on Mayer’s (2009) Cognitive 
Theory of Multimedia Learning (CTML). To reduce the chance of Type 1 error, the Bonferroni 
Correction was applied to the MANOVA post hoc analyses. The Bonferroni Correction 
“compensates for multiple comparisons by dividing significance level by the number of 
comparisons,” thus lending to more conservative results (Etymologia: Bonferroni Correction, 
2015). The researcher utilized the IBM Statistical Package for Social Science (SPSS) Statistics 




Analysis of Research Question 1a 
To what extent, if any, do the State University System (SUS) of Florida undergraduate 
elementary education mathematics methods courses’ textbooks include the National Council of 
Teachers of Mathematics’ (2014) eight high-leverage mathematics teaching practices (MTPs)?  
To answer this question, a content analysis was conducted to investigate the geometry 
and measurement domains of all 2019-2020 required textbooks. A total of 11 textbooks were 
required and 10 of those included required reading that was analyzed in this investigation. The 
procedures for this content analysis were outlined earlier in this chapter, under the heading Phase 
IV Procedures.  
The results of the line-by-line analysis of each textbook were documented on the 
©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching 
Practices (MTPs). The results for each MTP were compared with the five-point scale, and scores 
were assigned for each textbook’s description and explanation of the MTP. These scores were 
transferred to final TEP rubrics. Data was then transferred to a Microsoft Excel Data File and 
triple verified for accuracy.  
After analyzing all textbooks, two final ©Scoring Rubrics for the National Council of 
Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) were created for each of the 
SUS of Florida TEPs, one rubric for geometry and one for measurement. At the bottom of each 
form, all the required textbooks for that institution’s MAE courses were listed. The researcher 
located the completed geometry rubrics for each of the corresponding textbooks and transferred 




Mathematics’ Mathematics Teaching Practices (MTPs). Once all TAs and SAs were transferred, 
the researcher referenced the five-point scale and documented the overall textbook scores for 
each TEP’s MTP descriptions and MTP explanations within geometry content. These steps were 
replicated to for measurement coverage.  
For textbook coverage of the MTPs, each SUS of Florida TEP was assigned an overall 
score ranging from 0-4 points, depending upon the teacher actions (TA) and student actions (SA) 
that were present. A snapshot of the MTP1 and MTP2 overall scores for one of the TEPs, is 
displayed in Figure 9. In this example, the overall textbook scores for description and 
explanation are indicated by the arrows. The final MTP1 description score was a 2 and the final 









 Each institution’s overall textbook scores for geometry and measurement were 
documented in the Microsoft Excel data file. Within the Microsoft Excel data file, the researcher 
applied relative color conditioning with a red-yellow-green color scale using comparative values. 
This color conditioning assigned a color code to each value within the chart. Those colors were 
determined based on their comparison with the other values in the chart. Lower scores were 
indicated as red, moderate scores as yellow, and high scores as green. After comparing overall 
coverage of the MTPs, the researcher followed the same steps to create a spreadsheet with color 
conditioning to display a comparison of the actual scores with the maximum scores possible. 
These comparisons were labeled as absolute color comparisons.  
Descriptive statistics in the form of minimum scores, maximum scores, sum of scores, 
and mean scores were presented. The absolute and relative color comparison was applied to the 
mean scores, which were ordered from greatest to least. A paired samples t-test was utilized to 
compare the SUS of Florida’s mean scores for MTP description and MTP explanation, and a 
Cohen’s d value was calculated to determine the size of differences (Cohen, 1988).  
Analysis of Research Question 1b 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the National Council of Teachers of Mathematics’ 
(2014) eight high-leverage mathematics teaching practices (MTPs)?  
A total of 19 syllabi were collected, and the researcher conducted a content analysis of 





For each syllabus, the researcher conducted a line-by-line analysis and documented the 
presence of the NCTM’s eight highly effective MTPs on the ©Scoring Rubric for the National 
Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs). When MTPs 
were located within the text, as evidenced by TAs or SAs, the researcher documented the 
location of the MTP on the domain specific rubric, either geometry, measurement or ambiguous 
to geometry or measurement. Upon the completion of analyzing each syllabus, the results for 
each MTP were compared with the five-point scale, and assigned two scores, one for its 
description of the MTP and one for its explanation of the MTP. These scores were transferred to 
the Microsoft Excel Data File and triple verified for accuracy.  
After analyzing all syllabi, up to four final ©Scoring Rubrics for the National Council of 
Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) were created for each of the 
SUS of Florida TEPs, one each for geometry and measurement, and one each for ambiguously 
applied to geometry and/or measurement, as appropriate. The researcher located the completed 
geometry rubrics for each of the corresponding syllabi and transferred all TAs and SAs to the 
final ©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics 
Teaching Practices (MTPs). Once all TAs and SAs were transferred, the researcher referenced 
the five-point scale and documented the TEP’s overall syllabi scores for coverage of each MTP’s 
description and explanation within geometry content. These steps were replicated to for 
measurement coverage, as well as coverage of MTPs within content ambiguously applied to 




content analysis, and results for this analysis are presented in Chapter Five with other additional 
findings.  
Each institution’s overall syllabi scores for geometry, measurement, as well as those 
ambiguously applied to geometry or measurement were documented in the Microsoft Excel data 
file. Within the Microsoft Excel data file, the researcher applied color conditioning with a red-
yellow-green color scale using comparative values. This color conditioning assigned a color code 
to each value within the chart. Those colors were determined based on their comparison with 
other values within the same chart. Lower scores were indicated as red, moderate scores as 
yellow, and high scores as green. After comparing overall syllabi coverage of the MTPs, the 
researcher followed the same steps to create a spreadsheet with color conditioned applied, but 
this second spreadsheet compared actual values with the maximum scores possible.  
Within IBM’s SPSS version 26, the researcher generated descriptive statistics in the form 
of minimum scores, maximum scores, sum of scores, and mean scores were presented (. The 
absolute and relative color comparison was applied to the mean scores, which were ordered from 
greatest to least. A paired samples t-test was utilized to compare the SUS of Florida’s mean 
scores for MTP description and MTP explanation, and a Cohen’s d value was calculated to 





Analysis of Research Question 1c 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include Mayer’s (2008) Science of Instruction 
Principles (SOIPs)?  
Research question 1c was answered following the same procedures as research question 
1a, except for two differences. First, documentation of the SOIPs was recorded on the ©Scoring 
Rubric for Mayer’s Science of Instruction Principles (SOIPs). Second, once all data were 
collected and analyzed, an additional analysis was completed . To complete this additional 
analysis, the researcher combined the SOIPs into categories based on Mayer’s (2009) Cognitive 
Theory of Multimedia Learning. The selecting category was comprised of SOIPs 1-5, the 
organizing category was comprised of SOIPs 6-8, and the integrating category was comprised of 
SOIPs 9 through 12. Descriptive statistics were used to describe textbooks’ coverage of each 
category.  
Like the data analysis of research questions 1a, each institution’s overall textbook scores 
for geometry and measurement were documented in the Microsoft Excel data file. Within the 
Microsoft Excel data file, the researcher applied color conditioning with a red-yellow-green 
color scale using comparative values. This color conditioning assigned a color code to each value 
within the chart. Those colors were determined based on their comparison with other values 
within the same chart. Lower scores were indicated as red, moderate scores as yellow, and high 




followed the same steps to create a spreadsheet with color conditioned applied, but this second 
spreadsheet compared actual values with the maximum scores possible.  
Within IBM’s SPSS version 26, the researcher generated descriptive statistics in the form 
of minimum scores, maximum scores, sum of scores, and mean scores were presented (. The 
absolute and relative color comparison was applied to the mean scores, which were ordered from 
greatest to least. A paired samples t-test was utilized to compare the SUS of Florida’s mean 
scores for SOIP description and SOIP explanation, and a Cohen’s d value was calculated to 
determine the size of differences (Cohen, 1988). Furthermore, an ANOVA was utilized to 
compare documented of the SOIPs within the CTML’s three cognitive categories of SOIPs for 
selecting, SOIPs for organizing, and SOIPS for integrating.  
Analysis of Research Question 1d 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s (2008) Science of Instruction Principles 
(SOIPs)?  
Research question 1d was answered following the same procedures as research question 
1b, except for two differences. First, documentation of the SOIPs was recorded on the ©Scoring 
Rubric for Mayer’s Science of Instruction Principles (SOIPs). Second, once all data were 
collected and analyzed, an additional analysis was completed. To complete this additional 
analysis, the researcher combined the SOIPs into categories based on Mayer’s (2008) Cognitive 
Theory of Multimedia Learning. The selecting category was comprised of SOIPs 1-5, the 




SOIPs 9 through 12. Descriptive statistics were used to describe textbooks’ coverage of each 
category.  
Like the data analysis of research questions 1b, each institution’s overall syllabi scores 
for geometry and measurement, as well as the scores for SOIPs that were ambiguously applied to 
geometry and/or measurement, were documented in the Microsoft Excel data file. Within the 
Microsoft Excel data file, the researcher applied color conditioning with a red-yellow-green 
color scale using comparative values. This color conditioning assigned a color code to each value 
within the chart. Those colors were determined based on their comparison with other values 
within the same chart. Lower scores were indicated as red, moderate scores as yellow, and high 
scores as green. After comparing overall syllabi coverage of the SOIPs, the researcher followed 
the same steps to create a spreadsheet with color conditioned applied, but this second spreadsheet 
compared actual values with the maximum scores possible.  
Within IBM’s SPSS version 26, the researcher generated descriptive statistics in the form 
of minimum scores, maximum scores, sum of scores, and mean scores were presented (. The 
absolute and relative color comparison was applied to the mean scores, which were ordered from 
greatest to least. A paired samples t-test was utilized to compare the SUS of Florida’s mean 
scores for SOIP description and SOIP explanation, and a Cohen’s d value was calculated to 
determine the size of differences (Cohen, 1988). Furthermore, an ANOVA was utilized to 
compare documented of the SOIPs within the CTML’s three cognitive categories of SOIPs for 




Analysis of Research Question 2 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks and syllabi expose preservice teachers to additional 
research-based theories of learning, instruction, or motivation?  
 To answer this research question, the researcher conducted a line-by-line content analysis 
of all SUS of Florida TEP mathematics methods courses’ required textbooks and course syllabi. 
While analyzing these documents, the researcher used coding to account for other theories as 
they were uncovered throughout the text. As with the previous research questions, this analysis 
was limited to content within the domains of geometry and measurement. The researcher 
documented all additional research-based theories of learning, instruction, or motivation on the 
two documentation forms created by the researcher. Additional theories were added to the 
Microsoft Excel data file and corresponding page numbers were documented. Using the ICM 
SPSS version 26 software, a descriptive analysis was utilized to describe the extent of coverage 
for each additional theory.  
Variables 
The variables included in this study are displayed in Table 43. The first set of variables 
included the NCTM’s (2014) eight high-leverage Mathematics Teaching Practices (MTPs). The 
second set of variables included Mayer’s (2008; 2009; 2011) Science of Instruction Principles 
(SOIPs). A third set of variables included additional research-based theories of learning, 




Table 43:  
Variables 
Number Variable(s)  Sub-variables Source 
1 Mathematics Teaching 
Practices (MTPs)  
(1) establish mathematics goals to focus learning,  
(2) implement tasks that promote reasoning and problem solving,  
(3) use and connect mathematical representations,  
(4)  facilitate meaningful mathematical discourse,  
(5) pose purposeful questions,  
(6) build procedural fluency from conceptual understanding,  
(7) support productive struggle in learning mathematics, and  





Science of Instruction 
Principles (SOIPs) 
 
(1) coherence,  
(2) signaling,  
(3) redundancy,  
(4) spatial contiguity,  
(5) temporal contiguity,  
(6) segmenting,  
(7) pretraining,  
(8) modality,  




(Mayer, 2008; 2009; 2011) 
3 Research-based theories of 




4 Level of Description   




Summary of Methodology 
This study sought to investigate the extent to which undergraduate elementary education 
programs within the State University System (SUS) of Florida included the National Council of 
Teachers of Mathematics’ eight high-leverage Mathematics Teaching Practices (MTPs) and 
Mayer’s Science of Instruction Principles (SOIPs) within mathematics methods courses’ topical 
coverage of geometry and measurement. Chapter Three described the design of the study, 
selection of participants, procedures, instrumentation, data collection, and data analysis.  
The researcher addressed the data analysis used to answer each of the research questions 
that guided the investigation. Procedures for the quantitative content analysis used to examine 
course syllabi and textbooks was explained in detail. Chapter Four will present the results of the 
investigation, and Chapter Five will present additional findings that were uncovered while 




CHAPTER FOUR:  
PRESENTATION AND ANALYSIS OF THE DATA 
Introduction 
Chapter Four presents the findings of this study, which investigated the extent to which 
elementary education teacher education programs (TEPs) within the State University System 
(SUS) of Florida included the National Council of Teachers of Mathematics’ (NCTM) eight 
high-leverage Mathematics Teaching Practices (MTPs) and Mayer’s Science of Instruction 
Principles (SOIPs). This study’s purpose was to add to the body of knowledge regarding 
elementary teachers’ mathematics preparation, by analyzing the intended curriculum (syllabi) 
and written curriculum (textbooks) of mathematics methods courses. This research focused 
specifically within the domains of geometry and measurement. The research questions were 
answered through a researcher conducted quantitative content analysis of the 2019-2020 course 
syllabi and required textbooks of the mathematics methods courses required by TEPs within the 
SUS of Florida. This chapter presents the results of the data analysis of the research questions 
that guided this study.  
The main research question was “To what extent, if any, is there a difference between 
coverage of the National Council of Teachers of Mathematics’ (NCTM) eight high-leverage 
Mathematics Teaching Practices (MTPs) and Mayer’s Science of Instruction Principles (SOIPs) 
in the State University System (SUS) of Florida’s Teacher Education Programs (TEPs) 
mathematics methods courses?” 
The researcher also investigated four sub questions, which are stated below.  
a.  To what extent, if any, do the State University System (SUS) of Florida 




the National Council of Teachers of Mathematics’ eight high-leverage Mathematics 
Teaching Practices (MTPs)?  
b.  To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the NCTM’s eight high-leverage 
Mathematics Teaching Practices (MTPs) (NCTM, 2014)? 
c.  To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include Mayer’s (2008) Science of 
Instruction Principles (SOIPs)?  
d.  To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s (2008) Science of Instruction 
Principles (SOIPs)?  
The researcher designed two scoring rubrics, the ©Scoring Rubric for the National 
Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) (See Appendix 
B) and the ©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) (See 
Appendix C). Construct presence within the course syllabi and required textbooks was 
documented on these rubrics, scored based on the rating scales corresponding to each rubric, and 
then analyzed using descriptive and inferential statistics. To provide a visual comparison of 
construct presence and TEP construct coverage, the results of descriptive statistics were 
displayed using relative and absolute color comparison. The key for interpreting these scales is in 
Appendix H.  
To expand the breadth of this content analysis, the researcher also sought to answer a 
second research question which asked, “To what extent, if any, do the SUS of Florida 




preservice teachers to additional research-based theories of learning, instruction, or motivation? 
The results for this question were presented using descriptive statistics.  
Descriptive Statistics: Teacher Education Programs 
The population of this study consisted of 10 institutions that offered undergraduate, or 
bachelors-masters combined, elementary education TEPs within the SUS of Florida during the 
2019-2020 academic year. Of the 10 TEPs investigated, 8 were bachelors level programs and 2 
were combined bachelors-masters programs. TEP program structure is displayed in Table 44. 
Table 44: 
Program Structure 
Program Structure N % 
Undergraduate 8 80 
Bachelors-Masters 2 20 
Total Teacher Education Programs Investigated 10 100 
Required MAE Courses 
To identify the required courses the researcher first located degree requirements by 
reviewing the 2019-2020 course catalogs for each of the 10 State University System (SUS) of 
Florida institutions with undergraduate or bachelors-master’s elementary education teacher 
education programs. The researcher compiled a list of all required mathematics courses as 
labeled with the MAE course identifier. All TEPs required mathematics methods courses, a total 
of 19, were identified and included in this study. 
Descriptive analysis of the programmatic structure and TEPs’ required mathematics 
courses are displayed in Table 45. A total of 19 MAE courses were included in this investigation; 
this included 14 MAE courses from the undergraduate TEPs and 5 from the combined bachelors-




course; whereas, both combined bachelors-master’s programs required a minimum of 2. For the 
entire SUS of Florida, the TEPs’ mean course requirement was slightly less than 2 MAE courses 
(M = 1.90, SD = .74), with the number of required courses ranging from 1 to 3. 
Table 45: 
Required Mathematic (MAE) Methods Courses 
Structure n Min Max M SD 
Undergraduate 14 1 3 1.75 0.71 
Bachelors-Masters 5 2 3 2.50 0.71 
SUS of Florida TEP Total 19 1 3 1.90 0.74 
 
Between the 10 TEPs, a total of 58 MAE credit hours were required. Undergraduate 
TEPs, required a total of 43 credit hours and bachelors-masters TEPs required a total of 15 credit 
hours. The maximum required credit hours were the same for both program structures (9); 
however, the minimum requirement was lower for undergraduate programs (3) than for the 
combined bachelors-master’s programs (9). The results of an independent samples t-test 
indicated that although there was a large gap between the great number of MAE courses required 
by the combined bachelors-master’s programs (M = 2.50, SD = 0.71) compared to the 
undergraduate programs (M = 1.75, SD = .71), t(8) = 1.34 d  = 1.03, the difference was not 
statistically significant (p = .217). Therefore, the researcher analyzed the content analysis results 
for all ten programs under the designation SUS of Florida Results. These data are presented in 
Table 46.  
Table 46: 
Mathematics Credit Hour Requirements by Program 
Structure n Min Max M SD 
Undergraduate 43 3 9 5.38 2.00 
Bachelors-Masters 15 6 9 7.50 2.12 





Table 47 displays the course levels and credit hours of required MAE courses. Based on a 
descriptive analysis, the SUS of Florida TEPs required more 4,000 level classes (M = 1.40, SD = 
0.84) and 4,000 level credit hours (M = 3.60, SD = 2.76) than 3,00 level classes (M = 0.50, SD = 
0.71) and credit hours (M = 2.20, SD = 2.53). Disaggregated results indicated that the 
undergraduate programs (M = 0.50, SD = 0.76) and combined bachelors-master’s programs (M = 
0.50, SD = 0.71) required the same amount of 3,000 level MAE courses; although the range was 
greater for undergraduate TEPs (0 to 2) than for combined bachelors-master’s TEPs (0 to 1). 
Within both program structures, preservice teachers were required to take more 4,000 level credit 
hours.  
Table 47: 
Required Courses’ Levels 
Structure n Min Max M SD 
  3,000 Level MAE Classes  
Undergraduate 4 0 2 0.50 0.76 
Bachelors-Masters 1 0 1 0.50 0.71 
SUS of Florida TEP Total 5 0 2 0.50 0.71 
  4,000 Level MAE Classes  
Undergraduate 10 0 2 1.25 0.71 
Bachelors-Masters 4 1 3 2.00 1.41 
SUS of Florida TEP Total 14 0 3 1.40 0.84 
  3,000 Level Credit Hours  
Undergraduate 19 0 6 2.37 2.72 
Bachelors-Masters 3 0 3 1.50 2.12 
SUS of Florida TEP Total 22 0 6 2.20 2.53 
  4,000 Level Credit Hours  
Undergraduate 24 0 6 3.00 2.27 
Bachelors-Masters 12 3 9 6.00 4.24 
SUS of Florida TEP Total 36 0 9 3.60 2.76 
 
The undergraduate TEP composition consisted of 3,000 level MAE courses (28.57%) and 




(44.19%) and 4,000 level (55.81%) in the undergraduate TEPs. The combined bachelors-
master’s TEPs also consisted of 3,000 level courses (20%) and 4,000 level courses (80.00%), 
with MAE 3,000 level credit requirements (20.00%) and 4,000 level credit requirements 
(80.00%) reflecting overall course requirements. Overall, the SUS of Florida TEPs required 
MAE courses (n =19), demonstrated a greater requirement for 4,000 level MAE courses 
(73.68%) than 3,000 level MAE courses (26.32%). Moreover, credit hour requirements for 4,000 
level MAE courses (62.07%) were greater than the required 3,000 level credit hours (37.93%). 
These data are displayed in Table 48. 
Table 48: 
SUS of Florida TEP Program Breakdown Based on Course Level    
Program Structure 
3,000 Level Courses  
f (%) 
4,000 Level Courses  
f (%) 
Classes   
Undergraduate 4 (28.57%) 10 (71.43%) 
Bachelors-Masters 1 (20.00%) 4 (80.00%) 
SUS of Florida TEP Total 5 (26.32%) 14 (73.68%) 
Credit Hours   
Undergraduate 19 (44.19%) 24 (55.81%) 
Bachelors-Masters 3 (20.00%) 12 (80.00%) 
SUS of Florida TEP Total 22 (37.93%) 36 (62.07) 
There were 8 MAE course codes investigated within the 19 required MAE courses. Table 
49 displays the frequency, credit hours, and the percentage of total SUS of Florida required MAE 
credit hours represented by each course code. The most prevalent course code was MAE 4310, 
which was required of 7 TEPs, and accounted for 21 credit hours (36.21%). The second most 
prevalent course was MAE 4326, which was required of 4 TEPs, totaling 12 credit hours 
(20.69%). MAE 3310 and MAE 3312 were each required by 2 TEPs; however, MAE 3310 




3311, MAE 4114, MAE 4312, and MAE 4350 were each required by 1 TEP. Each of those 
courses equated to 5.17% of the total SUS of Florida required MAE credit hours.  
Table 49: 
Teacher Education Program Credit Hour Requirements 
Course Information 




Percentage of SUS of Florida 
Total Credit Hours 
Course Level     
3,000 Level  5 16 27.59% 
4,000 Level  14 42 72.41% 
Course Code    
MAE 3310 2 6 10.34% 
MAE 3311 1 3 5.17% 
MAE 3312 2 7 12.07% 
MAE 4114 1 3 5.17% 
MAE 4310 7 21 36.21% 
MAE 4312 1 3 5.17% 
MAE 4326 4 12 20.69% 
MAE 4350 1 3 5.17% 
TOTAL  19 58  
 
Course Syllabi 
After identifying the MAE course requirements, the second step in this content analysis 
required the researcher to obtain the course syllabi. To do this the researcher first located degree 
requirements for each of the institution included in this investigation. The researcher utilized 
each institution’s digital course catalog for the 2019-2020 academic year to identify all 
mathematics courses required by elementary education teacher education programs, as labeled 
with the MAE identifier (n =19). All 19 of the MAE courses included in this investigation were 
offered during the 2019-2020 academic year, during either the fall or spring semesters. 
Therefore, there were no summer courses included in this analysis.  
To obtain access to the syllabi, the researcher conducted an online search to identify five 




These individuals were listed online as program coordinators, program deans, administrative 
associates, or the instructors assigned to teach the required MAE courses during the Fall 2019 
semester. Beginning in November of 2019, the researcher individually emailed the five 
representatives from each TEP to request access to the FALL 2019 syllabi. In Microsoft Excel, 
the researcher maintained a detailed log of emails sent, delivery receipts, and read receipts, as 
well as the responses received from the program representatives. By February 2020, the 
researcher had received all 19 MAE course syllabi. Once all syllabi had been collected, the 
research began the content analysis of the course syllabi. This analysis was necessary for 
answering research questions 1, 1b, 1d, and 2. 
All syllabi for the required mathematics methods courses (n =19) were included in this 
investigation. The domain of geometry was referred to in fourteen (73.68%) of the syllabi, and 
the domain of measurement was referred to in thirteen (68.42%). Four syllabi (21.05%) did not 
refer to either domain. Syllabi domain coverage is displayed in Table 50.  
Table 50: 
Mathematics Domains Present in Syllabi 
Mathematics Domain 
Present in Syllabi 
f 
Present in Syllabi 
% 
Geometry 14 73.68% 
Measurement 13 68.42% 
Neither 4 21.05% 
  
Required Textbooks 
Once courses were identified, the researcher utilized institutions’ online bookstores to 
compile a list of all required textbooks. As displayed in Table 51, eleven textbooks were 
identified for inclusion in this investigation. Four textbooks were listed as required reading for 




10th Edition (Van de Walle, Karp, K. S & Bay-Williams, 2019) was required by four TEPs and 
six MAE courses; Making Sense of Mathematics for Teaching Grades 3-5 (Dixon, Nolan, Lott 
Adams, Tobias, & Barmoha, 2016) was required by four courses from three TEPs; Teaching 
Student Centered Mathematics: Volume 1, Grades 3-5, 3rd Edition (Van de Walle, Loving, Karp, 
& Bay-Williams, 2018b) was required by two courses within a single TEP;  Elementary and 
Middle School Mathematics: Teaching Developmentally, 9th Edition (Van de Walle, Loving, 
Karp, & Bay-Williams, 2015) was also required by two courses within one TEP. The remaining 
textbooks were each required by one course within a single TEP.   
Table 51: 






Dixon, J.K, & Nolan, E.C., Lott Adams, T., Brooks, L.A. & Howse, T.D. 2016). 
Making sense of Mathematics for teaching grades k-2. Bloomington, IN: Solution 
Tree Press. 
1 1 
Dixon, J.K, & Nolan, E.C., Lott Adams, T., Tobias, J.M. & Barmoha, G. (2016). 
Making sense of Mathematics for teaching grades 3-5. Bloomington, IN: Solution 
Tree Press. 
3 4 
Dolan, D., Williamson, J., & Muri, M. (2015). Mathematics activities for elementary 
school teachers. (12th ed.). Boston. 
1 1 
Empson, S. B., & Levi, L. (2011). Extending children’s mathematics: Fractions and 
decimals. Portsmouth, NH: Heinemann.  
1 1 
Reys, R.E., Lindquist, M. Lambdin, D.V., & Smith, N.L. (2014). Helping children 
learn mathematics. Danvers, MA: John Wiley & Sons.  
1 1 
Smith, M.S., & Stein, M. K. (2018). 5 practices for orchestrating productive 
mathematics discussions. (2nd ed.). Reston, VA: The National Council of Teachers of 
Mathematics, Inc.  
1 1 
Sowder, J., Sowder, L., & Nickerson, S. (2017). Reconceptualizing mathematics for 
elementary school teachers. (3rd ed.). New York, NY: W.H. Freeman and Company.  
1 1 
Van de Walle, J. A., Loving, L.H., Karp, K.S., & Bay-Williams, J.M. (2018a). 
Teaching student centered mathematics: Volume 1 grades Pre-k-2. (3rd ed.). New 
York, NY: Pearson. 
1 1 
Van de Walle, J. A., Loving, L.H., Karp, K.S., & Bay-Williams, J.M. (2018b). 











Van de Walle, J., Karp, K. S., & Bay-Williams, J.M. (2015). Elementary and middle 
school mathematics: Teaching developmentally (9 th ed.). New York, NY: Pearson. 
1 2 
Van de Walle, J., Karp, K. S., & Bay-Williams, J.M. (2019). Elementary and middle 
school mathematics: Teaching developmentally (10th ed.). New York, NY: Pearson.  
4 6 
 
The researcher crosschecked this list with course syllabi to ensure that: 1) the required 
textbook list in each syllabus matched the required textbook listed online, and 2) the assigned 
readings from each course aligned with the contents of the listed textbook. There were some 
discrepancies between the textbooks listed by bookstores, those listed by syllabi, and the reading 
assigned within the syllabi. Chapter Three details the process used by the researcher to determine 
which textbooks were assigned by the TEPs, and were, therefore, included in this investigation. 
This investigation sought to determine preservice teachers’ exposure to the SOIPs and 
MTPs within the domains of geometry and measurement. Therefore, following the procedures 
outlined in Chapter Three, the researcher used the ©Textbook Coding Decision Guide to 
determined which portions of each textbook were investigated. Elementary and Middle School 
Mathematics: Teaching developmentally, 10th Edition (Van de Walle, Karp, K. S & Bay-
Williams, 2019) was required of six courses within four TEPs, and based on the courses’ syllabi; 
the geometry and measurement content of this textbook were each included in the analysis of 
three courses. Making Sense of Mathematics for Teaching Grades 3-5 (Dixon, Nolan, Lott 
Adams, Brooks, & Howse, 2016) was required for four courses within three TEPs. Based on 
course syllabi, the geometry and measurement content of this textbook was included in the 
analysis of three courses. Elementary and Middle School Mathematics: Teaching 
Developmentally, 9th Edition (Van de Walle, Karp, K. S & Bay-Williams, 2015) was required by 




content of the textbook was included in the analysis of two courses and the measurement content 
was included in the analysis of a single course. Another textbook, Teaching Student Centered 
Mathematics: Volume 1 Grades 3-5 (Van de Walle, Loving, Karp & Bay-Williams, 2018b), was 
also required of two courses within a single TEP. However, the geometry and measurement 
content, separately, were included in the analysis for one course each. Seven textbooks were 
required of only one course within one TEP. For two of these seven textbooks, the geometry and 
measurement content were included in the analysis. Four of the textbooks were only analyzed for 
geometry and not for measurement: Making Sense of Mathematics for Teaching Grades k-2 
(Dixon, Nolan, Lott Adams, Brooks, & Howse, 2016), Mathematics Activities for Elementary 
School Teachers, 12th Edition (Dolan, Williamson, & Muri, 2015), Extending Children’s 
Mathematics: Fractions and Decimals (Empson & Levi, 2011), and 5 Practices for 
Orchestrating Productive Mathematics Discussions, 2nd Edition (Smith & Stein, 2018). For a 
single textbook, Teaching Student Centered Mathematics: Volume 1 Grades Pre-k-2, 3rd Edition: 
no content was analyzed or included in the study.  
Once all textbooks had been identified and purchased by the researcher, the researcher 
began the content analysis of textbooks. This analysis was used to answer research questions 1, 
1a, 1c, and 2. A list of the authors and publication dates of the 11 required textbooks, the 
frequency that the textbooks were required by TEPs and MAE courses, as well as the frequency 






Frequency of Textbook Requirements and Domain Analysis  










Dixon, Nolan, Lott Adams, Brooks, & Howse (2016). 1 1 1 0 
Dixon, Nolan, Lott Adams, Tobias, & Barmoha (2016). 3 4 3 3 
Dolan, Williamson, & Muri (2015). 1 1 1 0 
Empson & Levi (2011). 1 1 1 0 
Reys, Lindquist, Lambdin, & Smith (2014). 1 1 1 1 
Smith & Stein (2018). 1 1 1 0 
Sowder, Sowder, & Nickerson (2017). 1 1 1 1 
Van de Walle, Loving, Karp, & Bay-Williams (2018a). 1 1 0 0 
Van de Walle, Loving, Karp, & Bay-Williams (2018b). 1 2 1 1 
Van de Walle, Karp, & Bay-Williams, 9th ed. (2015). 1 2 2 1 
Van de Walle, Karp, & Bay-Williams, 10th ed. (2019). 4 6 3 3 
Testing the Research Questions 
During the content analysis, the researcher documented the constructs within course 
syllabi in two ways, conservatively and generously. The conservative analysis indicated 
construct presence within content that certainly applied to geometry and measurement, and the 
data from the conservative analysis is what was used to answer the research questions. Thus, the 
results are included in the presentation of data with this chapter. The generous analysis included 
additional documentation of constructs as they were found within syllabi content that could have 
been applied to geometry or measurement (or other domains). The results of the generous 
analysis are in Chapter Five, where additional findings are reported. For reference, a detailed 





Research Question 1 
To what extent, if any, is there a difference between coverage of the National Council of 
Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics Teaching Practices (MTPs) 
and Mayer’s Science of Instruction Principles (SOIPs) in the State University System (SUS) of 
Florida’s Teacher Education Programs (TEPs) mathematics methods courses?  
To answer research question one, the researcher conducted  a line-by-line content analysis 
of the 2019-2020 course syllabi (n =19) and required textbooks (n =10) of the elementary 
education programs within the State University System of Florida (N =10). During the content 
analysis, the researcher documented presence of the National Council of Teachers of 
Mathematics’ (NCTM) eight high-leverage Mathematics Teaching Practices on the ©Scoring 
Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices 
(MTPs) (See Appendix B), and the presence of Science of Instruction Principles was 
documented on the ©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) (See 
Appendix C). The content analysis was completed and scored separately for the domains of 
geometry and measurement. The results for research question one incorporated the combined 
data from both domains. Descriptive statistics and inferential statistics are presented separately 
for each domain in Chapter Five, which includes additional findings.  
To answer research question one, the researcher utilized descriptive and inferential 
statistics. Descriptive analyses were presented using relative and absolute color comparisons. 
Relative color comparisons applied the relative color comparison scale to visually compare each 
mean score within a table as it relatively compared to the other mean scores within the same 
table. The absolute color comparison compared each mean score to the absolute values on the 




Practices (MTPs)’s or the ©Scoring Rubric for Mayer’s Science of Instruction Principles 
(SOIPs) scoring scales. The key for relative and absolute color comparisons is located in 
Appendix H. This key should be used as a side-by-side reference when viewing the color 
comparison tables within this chapter. To provide for a quick visual reference, the researcher 
arranged SUS of Florida and Teacher Education Programs’ mean scores from greatest to least. 
Inferential statistics in the form of t-tests and one-way ANOVAs were utilized to 
compare coverage of the constructs. A MANOVA was used to compare the description and 
explanation scores of all MTPs. A MANOVA was also utilized to compare the description and 
explanation scores of the SOIPs, once they were separated into the three categories of selecting, 
organizing, and integrating, based on Mayer’s (2009) Cognitive Theory of Multimedia Learning 
(CTML).  
SUS of Florida Results 
 Within the mathematics methods courses’ geometry and measurement content of the 10 
TEPs, there were 640 MTP scores and 960 SOIP scores documented. These included the 
individual description and explanation scores for each of the eight MTPs and the same for each 
of the twelve SOIPs. An independent samples t-test was run to determine if there were 
differences in the extent to which the MTPs and SOIPs were included in the curriculum. There 
was homogeneity of variances as assessed by Levene’s test for equality of variance (p = .495). 
Within all the geometry and measurement content of the textbooks and syllabi, there were more 
documentations of the MTPs (M = 1.94, SD = 1.55) when compared to documentation of the 
SOIPs (M = 1.01, SD = 1.59). The mean MTP documentation score was 0.93 (95% CI [0.77 to 




significant, t(1598) = 11.60. There was a moderate sized (d = 0.59) statistically significant 
difference between means (p < .001), and therefore, the researcher rejected the null hypothesis. 
These data are displayed in Table 53.  
Table 53: 
Descriptive Statistics for MTP and SOIP Coverage Within all Analyzed Content 
Construct n Min Max ∑ M SD 
MTPs 640 0 4 1241 1.94 1.55 
SOIPs 960 0 4 967 1.01 1.59 
 
Mathematics Teaching Practices 
This section reports the MTP results from the analysis of syllabi and textbooks. For the 
SUS of Florida as a whole, a total of 320 MTP description scores and 320 MTP explanation 
scores were documented. A paired samples t-test was utilized to analyze the difference in the 
overall level of MTP coverage. Results indicated that MTP explanations (M = 2.32, SD = 1.61) 
were documented more than MTP descriptions (M = 1.56, SD = 1.39), t(319) = 11.23. The 
difference was moderate (d = 0.50) (Cohen, 1988) and statistically significant (p < .001). These 
data are displayed in Table 54, below.  
Table 54: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the MTPs 
Within Geometry and Measurement 
Level of Coverage N Min Max ∑ M SD 
Description 
 320 0 4 499 1.56 1.39 
Explanation 
 320 0 4 742 2.32 1.61 
 
Next, the researcher utilized additional inferential statistics, in the form of an ANOVA, to 
determine if there were pairwise differences between SUS of Florida TEPs’ coverage of the 




and 10 geometry explanation scores for textbooks, as well as the 10 TEP’s geometry description 
scores and 10 geometry explanation scores for syllabi, equaling 20 MTP explanation and 20 
MTP description scores for geometry content. The same scores were also included for 
measurement content, equaling another 40 scores. Therefore, there were a total of 80 scores 
reported for each MTP.  
During the 2019-2020 school year, the SUS of Florida TEPs’ mathematics methods 
course content pertaining to geometry and measurement included the following MTPs which are 
listed in order from greatest to least, based on their mean scores for overall documentation MTP3 
“use and connect mathematical representations” (M = 2.33, SD = 1.61), MTP2 “implement tasks 
that promote reasoning and problem solving” (M = 2.13, SD = 1.59), MTP1 “establish 
mathematics goals to focus learning” (M = 2.06, SD = 1.54), MTP8 “elicit and use evidence of 
student thinking” (M = 2.03, SD = 1.51), MTP6 “build procedural fluency from conceptual 
understanding” (M = 1.98, SD = 1.57), MTP4 “facilitate meaningful mathematics discourse” 
(M = 1.93, SD = 1.74), MTP5 “pose purposeful questions” (M = 1.69, SD = 1.50), and lastly 
MTP7 “support productive struggle in learning mathematics” (M = 1.39, SD = 1.17). 
The results of the Shapiro-Wilks test of normality showed a significant deviation from 
normality, W(80) = (MTP1, = 0.82, p < .001; MTP2, = 0.82, p < .001; MTP3, = 0.79, p < .001; 
MTP4, = 0.76, p < .001; MTP5, = 0.72, p < .001; MTP6, = 0.83, p < .001; MTP7, = 0.78, p < 
.001; and MTP8, = 0.78, p < .001). However, ANOVA is robust to violations of normality with 
samples greater than 20 (Tabachnick & Fidell, 2018), so the researcher proceeded with the 
analysis. 
Welch’s ANOVA was used for the analysis because the assumption of homogeneity of 




There were statistically significant differences between the total extent of documentation scores 
for the MTPs, Welch’s F (7, 270.51) = 3.608, p = .001. 
A Games Howell post hoc analysis was utilized to determine where differences in 
documentation of the MTPs might be statistically significant. The mean documentation score for 
MTP7 “support productive struggle in learning mathematics” (M = 1.39, SD = 1.17) was 
significantly less than the mean documentation score for MTP3 “use and connect mathematical 
representations” (M = 2.33, SD = 1.61), with a mean difference of -0.94, 95% CI [-1.62 to -
0.25], which was more than a moderate sized and statistically significant difference (p = 
.001, d = -0.67) by Cohen’s (1988) effect size standards. MTP7 was also documented less than 
MTP2 “implement tasks that promote reasoning and problem solving” (M = 2.13, SD = 1.59), 
with a mean difference of -0.74, 95% CI [-1.42 to -0.06], which was a slightly more than 
moderate sized and statistically significant difference (p < .05, d = -0.53), by Cohen’s (1988) 
effect size standards. Lastly, MTP7 was documented less than MTP1 “establish mathematics 
goals to focus learning” (M = 2.06, SD = 1.54), with a mean difference of -0.68, 95% CI [-1.34 
to -0.01], which was a slightly less than moderate sized and statistically significant difference 
(p < .05, d = -0.49), according to Cohen’s (1988) effect size standards. The other pairwise 
contrasts did not show statistically significant differences. There were statistically significant 
differences in the documentation scores of each MTP (p = .001) and, therefore, the researcher 
rejected the null hypothesis. 
Table 55 displays the results of the descriptive analysis for SUS of Florida TEPs’ (N =10) 
final scores for MTP description, MTP explanation, and total MTP coverage within the domains 
of geometry and measurement. These data include a relative and absolute color comparison of 




intended and written curriculum of required mathematics methods courses within the SUS of 
Florida described MTP3 “use and connect mathematical representations” (M = 1.80, SD = 1.62) 
more than any other MTP. Also, MTP3 was the most explained (M = 2.85, SD = 1.42) of the 
MTPs and had the highest score for total MTP coverage (M = 2.33, SD = 1.61) of all the MTPs. 
The second highest score for total MTP coverage was for MTP2 “implement tasks that promote 
reasoning and problem solving” (M = 2.13, SD = 1.59). MTP7 was the least described (M = 1.20, 
SD = 1.07), least explained (M = 1.58, SD = 1.26), and least covered (M = 1.39, SD = 1.17) of all 
the MTPs.  
Based on the ©Scoring Rubric for the National Council of Teachers of Mathematics’ 
Mathematics Teaching Practices (MTPs) the maximum score that the SUS of Florida TEPs could 
have earned for the presence of a single MTP within the required textbooks and course syllabi 
was 160 points for MTP description, 160 points for MTP explanation, and 320 points of total 
coverage. The results indicated a sum of scores ranging from 48 to 72 (MTP description), 63 to 






MTP Presence Within Geometry and Measurement 
    Color Comparison M  
MTP Ranking Min Max ∑ Relative Absolute SD 
MTP Description (n = 40)  
MTP3 Use and connect mathematical representations 0 4 72 1.80 1.80 1.62 
MTP1 Establish mathematics goals to focus learning 0 3 70 1.75 1.75 1.30 
MTP8 Elicit and use evidence of student thinking 0 3 68 1.70 1.70 1.42 
MTP2 Implement tasks that promote reasoning and problem solving 0 3 65 1.63 1.63 1.33 
MTP4 Facilitate meaningful mathematical discourse 0 4 61 1.53 1.53 1.52 
MTP5 Pose purposeful questions 0 4 61 1.53 1.53 1.45 
MTP6 Build procedural fluency from conceptual understanding 0 3 54 1.35 1.35 1.37 
MTP7 Support productive struggle in learning mathematics 0 3 48 1.20 1.20 1.07 
MTP Explanation (n = 40) 
MTP3 Use and connect mathematical representations 0 4 114 2.85 2.85 1.42 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 105 2.63 2.63 1.69 
MTP6 Build procedural fluency from conceptual understanding 0 4 104 2.60 2.60 1.53 
MTP1 Establish mathematics goals to focus learning 0 4 95 2.38 2.38 1.71 
MTP8 Elicit and use evidence of student thinking 0 4 94 2.35 2.35 1.55 
MTP4 Facilitate meaningful mathematical discourse 0 4 93 2.33 2.33 1.87 
MTP5 Pose purposeful questions 0 4 74 1.85 1.85 1.55 
MTP7 Support productive struggle in learning mathematics 0 4 63 1.58 1.58 1.26 
Total MTP Coverage (n = 160) 
MTP3 Use and connect mathematical representations 0 4 186 2.33 2.33 1.61 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 170 2.13 2.13 1.59 
MTP1 Establish mathematics goals to focus learning 0 4 165 2.06 2.06 1.54 
MTP8 Elicit and use evidence of student thinking 0 4 162 2.03 2.03 1.51 
MTP6 Build procedural fluency from conceptual understanding 0 4 158 1.98 1.98 1.57 
MTP4 Facilitate meaningful mathematical discourse 0 4 154 1.93 1.93 1.74 
MTP5 Pose purposeful questions 0 4 135 1.69 1.69 1.50 
MTP7 Support productive struggle in learning mathematics 0 4 111 1.39 1.39 1.17 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison while 




  The results of the MANOVA indicated that the difference between the mean scores for 
description (M = 1.56, SD = 1.39) and explanation (M = 2.32, SD = 1.61) was statistically 
significant (F(14, 622) = 2.19, p = .007, partial eta squared = .047.) In addition, the post hoc 
analysis showed that the only statistically significant difference found between-subjects existed 
between the documented explanations of MTP3 “use and connect mathematics representations 
(M = 2.85, SD = 1.42) and explanations of MTP7 “support productive struggle in learning 
mathematics” (M = 1.58, SD = 1.26), p = .010.  
Science of Instruction Principles 
This section reports the SOIP results from the analysis of syllabi and textbooks. For the 
SUS of Florida as a whole, a total of 480 description scores and 480 explanation scores were 
documented within the geometry and measurement content of required textbooks and course 
syllabi. A paired samples t-test was utilized to analyze the difference in the overall level of SOIP 
coverage. Results indicated that SOIP explanations (M = 1.22, SD = 1.73) were documented 
more than SOIP descriptions (M = 0.79, SD = 1.41), t(479) = 5.07. The difference was small (d = 
0.27) (Cohen, 1988) and statistically significant p < .001. These data are displayed in Table 56.  
Table 56: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the SOIPs 
Within Geometry and Measurement 
Level of Coverage n Min Max ∑ M SD 
Description 
 
480 0 4 380.00 0.79 1.41 
Explanation   480 0 4 587.00 1.22 1.73 
Next, the researcher utilized additional inferential statistics to determine if there were 




included 10 geometry description scores and 10 geometry explanation scores for textbooks, as 
well as 10 geometry description scores and 10 geometry explanation scores for syllabi, equaling 
40 score for documentation of each SOIP within the geometry content. The same scores were 
also included for measurement content, equaling another 40 scores for each SOIP. Therefore, 
there were a total of 80 scores reported for each SOIP.  
For the inferential analysis, the researcher removed results for SOIP3 and SOIP8, as the 
mean scores for those SOIPS was equal to zero, and therefore, the pairwise differences between 
those SOIPs and the others was considered practically significant, with essentially no differences 
in documentation compared to SOIP1, (d = -0.13), small differences in documentation compared 
to SOIP5 (d = -0.28) and SOIP4 (d = -0.40), and very large sized differences compared to 
SOIP7  (d = -1.26), SOIP10 (d = -1.05), SOIP2 (d = -1.25), SOIP6 (d = -1.42), SOIP11 (d = -
1.45), and SOIP9 (d = -1.55).          
During the 2019-2020 school year, the SUS of Florida TEPs’ mathematics methods 
course content pertaining to geometry and measurement was analyzed and the following SOIPs 
were documented, which are listed in order from greatest to least based on their mean scores for 
overall documentation: SOIP9 “multimedia” (M = 2.01, SD = 1.83), SOIP12 “anchoring” (M = 
1.94, SD = 1.82), SOIP11 “concretizing” (M = 1.83, SD = 1.79), SOIP6 “segmenting” (M = 
1.66, SD = 1.65), SOIP2 “signaling” (M = 1.59, SD = 1.80), SOIP10 “personalization” (M = 
1.35, SD = 1.82), SOIP7 “pretraining” (M = 1.25, SD = 1.40), SOIP4 “temporal contiguity” (M = 
0.30, SD = 1.06), SOIP5 “expectation” (M = 0.15, SD = 0.76), SOIP1 “coherence” (M = 




0.00, SD = 0.00).Since mean scores for the presence of SOIP3 and SOIP8 were equal to zero, the 
researcher determined that those scores were different than all other scores, and the significance 
was practical. Therefore, these two SOIPs were excluded from the inferential analysis.  
The results of the Shapiro-Wilks test of normality showed a significant deviation from 
normality, W(80) = (SOIP1 = 0.09; SOIP2 = 0.70; SOIP4 = 0.29; SOIP5 = 0.19; SOIP6 = 0.76; 
SOIP7 = 0.79,; SOIP9 = 0.74; SOIP10 = 0.65; SOIP11 = 0.74; SOIP12 = 0.73), with all results 
demonstrating the same level of statistical significance (p < .001). However, ANOVA is robust 
to violations of normality with samples greater than 20 (Tabachnick & Fidell, 2018), so the 
researcher proceeded with the analysis. 
Welch’s ANOVA was used for the analysis, because the assumption of homogeneity of 
variances was violated, as assessed by Levene’s test for Homogeneity of variances (p < .001). 
There were statistically significant differences between the total extent of documentation scores 
for the SOIPs, Welch’s F (9, 293.37) = 55.04, p < .001. A Games Howell post hoc analysis was 
utilized to determine where differences in documentation of the SOIPs might be statistically 
significant. The mean documentation score for SOIP1 “coherence” (M = 0.01, SD = 0.11) was 
significantly less than the mean documentation scores of the following SOIPs: 
• SOIP2 “signaling” (M = 1.59, SD = 1.80), with a mean difference of -1.58, 95% CI [ -
2.23 to -0.92], which was statistically significant (p < .001); 
• SOIP6 “segmenting” (M = 1.66, SD = 1.65), with a mean difference of -1.65, 95% CI [-




• SOIP7 “pretraining” (M = 1.25, SD = 1.40), with a mean difference of -1.24, 95% CI [ -
1.75 to -0.73], which was statistically significant (p < .001); 
• SOIP9 “multimedia” (M = 2.01, SD = 1.83), with a mean difference of -2.00, 95% CI [-
2.67 to -1.33], which was statistically significant (p < .001); 
• SOIP10 “personalization” (M = 1.59, SD = 1.80), with a mean difference of -1.34, 95% 
CI [-2.00 to -0.67], which was statistically significant (p < .001); 
• SOIP11 “concretizing” (M = 1.83, SD = 1.79), with a mean difference of -1.81, 95% CI [-
2.47 to -1.16], which was statistically significant (p < .001); and 
• SOIP12 “anchoring” (M = 1.94, SD = 1.82), with a mean difference of -1.93, 95% CI [-
2.59 to -1.26], which was statistically significant (p < .001). 
The Games Howell post hoc analysis indicated that the mean documentation score for 
SOIP2 “signaling” (M = 1.59, SD = 1.80), was significantly greater than the mean documentation 
score of SOIP4 “temporal contiguity” (M = 0.30, SD = 1.06), with a mean difference of 1.29, 
95% CI [0.54 to 2.04], which was statistically significant (p < .001); and SOIP5 “expectation 
(M = 0.15, SD = 0.76), with a mean difference of 1.44, 95% CI [0.73 to 2.14], which was 
statistically significant (p < .001). SOIP2 was also documented significantly more than SOIP1, 
which was reported within the SOIP1 results, above. The Games Howell post hoc analysis 
indicated that the mean documentation score for SOIP4 “temporal contiguity” (M = 0.30, SD = 
1.06) was significantly less than the mean documentation scores of the following SOIPs: 
• SOIP6 “segmenting” (M = 1.66, SD = 1.65), with a mean difference of -1.36, 95% CI [ -




• SOIP7 “pretraining” (M = 1.25, SD = 1.40), with a mean difference of -0.95, 95% CI [ -
1.58 to -0.32], which was statistically significant (p < .001); 
• SOIP9 “multimedia” (M = 2.01, SD = 1.83), with a mean difference of -1.71, 95% CI [ -
2.47 to -0.95], which was statistically significant (p < .001); 
• SOIP10 “personalization” (M = 1.59, SD = 1.80), with a mean difference of -1.05, 95% 
CI [-1.81 to -0.29], which was statistically significant (p = .001); 
• SOIP11 “concretizing” (M = 1.83, SD = 1.79), with a mean difference of -1.53, 95% CI [-
2.27 to -0.78], which was statistically significant (p < .001); and 
• SOIP12 “anchoring” (M = 1.94, SD = 1.82), with a mean difference of -1.64, 95% CI [-
2.40 to -0.88], which was statistically significant (p < .001). 
The Games Howell post hoc analysis indicated that the mean documentation score for SOIP5 
“expectation” (M = 0.15, SD = 0.76) was significantly less than the mean documentation scores 
of the following SOIPs: 
• SOIP6 “segmenting” (M = 1.66, SD = 1.65), with a mean difference of -1.51, 95% CI [ -
2.17 to -0.86], which was statistically significant (p < .001); 
• SOIP7 “pretraining” (M = 1.25, SD = 1.40), with a mean difference of -1.10, 95% CI [ -
1.68 to -0.52], which was statistically significant (p < .001); 
• SOIP9 “multimedia” (M = 2.01, SD = 1.83), with a mean difference of -1.86, 95% CI [ -
2.58 to -1.15], which was statistically significant (p < .001); 
• SOIP10 “personalization” (M = 1.59, SD = 1.80), with a mean difference of -1.20, 95% 




• SOIP11 “concretizing” (M = 1.83, SD = 1.79), with a mean difference of -1.68, 95% CI [-
2.38 to -0.97], which was statistically significant (p < .001); and 
• SOIP12 “anchoring” (M = 1.94, SD = 1.82), with a mean difference of -1.79, 95% CI [-
2.50 to -1.07], which was statistically significant (p < .001). 
The other pairwise contrasts did not show statistically significant differences. 
Table 57 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final scores 
for SOIP description, SOIP explanation, and total SOIP coverage within the domains of geometry 
and measurement. During the 2019-2020 school year, SOIP9 “the multimedia principle” was the 
most explained (M = 2.45, SD = 1.75), fourth most described (M = 1.58, SD = 1.82), and was the 
most documented SOIP overall (M = 2.01, SD = 1.83). There were two SOIPs, SOIP3 “spatial 
contiguity” and SOIP8 “modality”, that were not documented at all within the content analysis. In 
total, seven of the SOIPs were described and ten were explained. The results indicated a sum of 
scores ranging from 0 to 67 (SOIP description, maximum possible = 160 points), 0 to 98 (SOIP 
explanation, maximum possible = 160 points), and 0 to 161 (total SOIP coverage, maximum 









SOIP Presence Within Geometry and Measurement 
     Color Comparison M  
SOIP Ranking  Min Max ∑ Relative  Absolute  SD 
SOIP Description (n = 40) 
SOIP12 Anchoring 0 4 67 1.68 1.68 1.73 
SOIP11 Concretizing 0 4 64 1.60 1.60 1.66 
SOIP6 Segmenting 0 4 63 1.58 1.58 1.66 
SOIP9 Multimedia 0 4 63 1.58 1.58 1.82 
SOIP2 Signaling 0 4 57 1.43 1.43 1.71 
SOIP7 Pretraining 0 3 36 0.90 0.90 1.06 
SOIP10 Personalization 0 4 30 0.75 0.75 1.43 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP Explanation (n = 40) 
SOIP9 Multimedia 0 4 98 2.45 2.45 1.75 
SOIP12 Anchoring 0 4 88 2.20 2.20 1.90 
SOIP11 Concretizing 0 4 82 2.05 2.05 1.91 
SOIP10 Personalization 0 4 78 1.95 1.95 1.99 
SOIP2 Signaling 0 4 70 1.75 1.75 1.89 
SOIP6 Segmenting 0 4 70 1.75 1.75 1.64 
SOIP7 Pretraining 0 4 64 1.60 1.60 1.61 
SOIP4 Temporal Contiguity 0 4 24 0.60 0.60 1.45 
SOIP5 Expectation 0 4 12 0.30 0.30 1.07 
SOIP1 Coherence 0 1 1 0.03 0.03 0.16 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 80) 
SOIP9 Multimedia 0 4 161 2.01 2.01 1.83 
SOIP12 Anchoring 0 4 155 1.94 1.94 1.82 
SOIP11 Concretizing 0 4 146 1.83 1.83 1.79 
SOIP6 Segmenting 0 4 133 1.66 1.66 1.65 
SOIP2 Signaling 0 4 127 1.59 1.59 1.80 
SOIP10 Personalization 0 4 108 1.35 1.35 1.82 
SOIP7 Pretraining 0 4 100 1.25 1.25 1.40 
SOIP4 Temporal Contiguity 0 4 24 0.30 0.30 1.06 
SOIP5 Expectation 0 4 12 0.15 0.15 0.76 
SOIP1 Coherence 0 1 1 0.01 0.01 0.11 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Teacher Education Program Results 
The SOIP and MTP data presented in this section reflect scores from a conservative 
content analysis of the required textbooks and course syllabi for mathematics methods courses 
within the SUS of Florida elementary education TEPs’ during the 2019-2020 school year. 
Descriptive statistics in the form of minimum scores, maximum scores, sum of scores, means 
and standard deviations were utilized to report each TEPs’ coverage of the constructs (MTPs and 
SOIPs). These data include a relative and absolute color comparison of means, which were 
ordered from greatest to least. The results were presented first for the MTPs followed by the 
SOIPs.  
Mathematics Teaching Practices 
Descriptive statistics of teacher education programs’ MTP coverage within geometry and 
measurement content of the intended curriculum and written curriculum of teacher education 
programs’ (N = 10) mathematics methods courses is presented in Table 58. During the 2019-
2020 school year, TEP descriptions of the MTPs ranged from 36 to 69 points (M =1.13 to 2.16), 
TEP explanations of the MTPs ranged from 55 to 108 points (M = 1.72 to 3.38) and TEP scores 
for total MTP coverage ranged from 91 to 157 points (M = 1.42 to 2.45). The maximum possible 
score for each level of coverage was 128 points for MTP description, 128 points for MTP 
explanation, and 256 points of total coverage. The keys for interpreting the absolute and relative 





TEP MTP Coverage Within Geometry and Measurement 
        Color Comparison M   
 TEP Ranking Min Max ∑ Relative Absolute  SD 
MTP Descriptions (n = 32) 
TEP2 0 4 69 2.16 2.16 0.99 
TEP5 0 4 68 2.13 2.13 1.21 
TEP6 0 4 51 1.59 1.59 1.32 
TEP8 0 4 49 1.53 1.53 1.59 
TEP9 0 3 48 1.50 1.50 1.39 
TEP7 0 3 46 1.44 1.44 1.48 
TEP1 0 3 44 1.38 1.38 1.43 
TEP4 0 3 44 1.38 1.38 1.43 
TEP10 0 3 44 1.38 1.38 1.43 
TEP3 0 4 36 1.13 1.13 1.39 
Explanation (n = 32) 
TEP8 2 4 108 3.38 3.38 0.61 
TEP4 0 4 101 3.16 3.16 0.99 
TEP2 0 4 77 2.41 2.41 1.54 
TEP5 0 4 76 2.38 2.38 1.16 
TEP1 0 4 69 2.16 2.16 1.80 
TEP9 0 4 69 2.16 2.16 1.72 
TEP7 0 4 66 2.06 2.06 1.76 
TEP6 0 4 63 1.97 1.97 1.67 
TEP10 0 4 58 1.81 1.81 1.89 
TEP3 0 4 55 1.72 1.72 1.80 
Total (n = 64) 
TEP8 0 4 157 2.45 2.45 1.51 
TEP2 0 4 146 2.28 2.28 1.29 
TEP4 0 4 145 2.27 2.27 1.51 
TEP5 0 4 144 2.25 2.25 1.18 
TEP9 0 4 117 1.83 1.83 1.59 
TEP6 0 4 114 1.78 1.78 1.51 
TEP1 0 4 113 1.77 1.77 1.66 
TEP7 0 4 112 1.75 1.75 1.64 
TEP10 0 4 102 1.59 1.59 1.68 
TEP3 0 4 91 1.42 1.42 1.62 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table. 
Science of Instruction Principles 
This section reports the TEP results for SOIP presence as scored through the conservative 




Instruction Principles (SOIPs), the maximum score that a TEP could have earned for the 
presence of all SOIPs for a single domain (geometry or measurement) was 96 points for SOIP 
description, 96 points for SOIP explanation, and 192 points of total SOIP coverage. Therefore, 
for both domains, the maximum possible scores were 192 points for SOIP description, 192 points 
for SOIP explanation, and 384 points of total SOIP coverage.  
Descriptive statistics from the content analysis of the required textbooks and course 
syllabi of teacher education programs’ (N = 10) SOIP coverage within the domains of geometry 
and measurement are presented in Table 59. Results indicated that TEPs’ scores for description 
of the SOIPs ranged from 32 points to 49 pts (M = 0.67 to 1.02), TEPs’ scores for explanations 
of the SOIPs ranged from 45 to 68 points (M = 0.94 to 1.42) and TEPs’ scores for total SOIP 
coverage ranged from 32 to 49 points (M = 0.33 to 0.51).  
Table 59: 
TEP SOIP Coverage Within Geometry and Measurement 
    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Description (n = 48) 
TEP8 0 4 49 1.02 1.02 1.64 
TEP6 0 4 44 0.92 0.92 1.60 
TEP2 0 4 43 0.90 0.90 1.59 
TEP3 0 4 40 0.83 0.83 1.53 
TEP7 0 4 37 0.77 0.77 1.36 
TEP1 0 4 34 0.71 0.71 1.30 
TEP4 0 4 34 0.71 0.71 1.30 
TEP10 0 4 34 0.71 0.71 1.30 
TEP9 0 4 33 0.69 0.69 1.27 
TEP5 0 3 32 0.67 0.67 1.15 
SOIP Explanation (n = 48) 
TEP9 0 4 68 1.42 1.42 1.82 
TEP7 0 4 66 1.38 1.38 1.83 
TEP1 0 4 64 1.33 1.33 1.83 
TEP8 0 4 64 1.33 1.33 1.77 




    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
TEP3 0 4 58 1.21 1.21 1.73 
TEP10 0 4 55 1.15 1.15 1.74 
TEP5 0 4 53 1.10 1.10 1.61 
TEP6 0 4 51 1.06 1.06 1.69 
TEP2 0 4 45 0.94 0.94 1.66 
Total SOIP Coverage (n = 96) 
TEP8 0 4 49 0.51 0.51 1.26 
TEP6 0 4 44 0.46 0.46 1.21 
TEP2 0 4 43 0.45 0.45 1.20 
TEP3 0 4 40 0.42 0.42 1.16 
TEP7 0 4 37 0.39 0.39 1.03 
TEP1 0 4 34 0.35 0.35 0.98 
TEP4 0 4 34 0.35 0.35 0.98 
TEP10 0 4 34 0.35 0.35 0.98 
TEP9 0 4 33 0.34 0.34 0.96 
TEP5 0 3 32 0.33 0.33 0.88 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table. 
 
The CTML’s Cognitive Categories Results 
In this section, the researcher presents the SOIP results based on each of the three 
cognitive categories (i.e. selecting, organizing, and integrating) suggested by Richard E. Mayer’s 
(2008) Cognitive Theory of Multimedia Learning (CTML). The SUS of Florida scores for each 
of the three cognitive categories were analyzed using descriptive and inferential statistics. 
Relative and absolute color comparisons were also applied to the results.   
Table 60 displays the descriptive statistics for SUS of Florida TEPs’ scores for the SOIPs 
corresponding to each of the three SOIP cognitive categories. An ANOVA was utilized to 
compare for the results of the content analysis for geometry and measurement content to 
determine if there were significant differences between coverage of SOIPs falling within the 




the categories of selecting (M = 0.41, SD = 1.16), organizing (M = 0.97, SD = 1.43), and 
integrating (M = 1.78 SD = 1.83), was statistically significant F(2, 957) = 76.69, p < .001. The 
Tukey HSD post hoc test indicated that the differences were less than moderate sized and 
statistically significant between selecting and organizing (p < .01, d = 0.43), large in size and 
statistically significant between selecting and integrating (p < .01, d = 0.89), and moderate in size 
and statistically significantly between organizing and integrating (p < .01, d = 0.49) (Cohen, 
1988).  
Table 60: 
Descriptive Statistics for the SUS of Florida TEPs’ Coverage of the SOIP Cognitive Categories 
Cognitive Category n Min Max ∑ M SD 
Selecting 400 0 4 164 0.41 1.16 
Organizing 240 0 4 233 0.97 1.43 
Integrating 320 0 4 570 1.78 1.83 
 
The results of the MANOVA indicated that the difference between the mean scores for 
description (M = 0.88, SD = 1.2) and explanation (M = 1.38, SD = 1.4) was statistically 
significant (F(4, 112) = 3.01, p = .02, partial eta squared = .097.) In addition, the test of between-
subjects differences were also statistically significant for both description (F(2) = 7.4, p = .003, 
partial eta squared = .184) and explanation (F(2) = 9.9, p = .007, partial eta squared = .160). Post 
hoc analysis showed that among the description scores, the difference between selecting (M = 
0.30, SD = 0.31) and organizing (M = 1.51, SD = 0.88) was statistically significant (p = .002). 
Among the explanation scores, the difference between selecting (M = 0.73, SD = 0.82) and 




Sums and percentage of each TEP’s total coverage of the CTML’s cognitive categories 
based all documented SOIPs within geometry and measurement content combined are displayed 
in Table 61. An absolute color comparison was applied to the percentages. The maximum 
possible points for each level of coverage (description and explanations) was 40 points for 
selecting SOIPs, 24 points for organizing SOIPs, and 32 points for integrating SOIPs. 
Percentage of coverage for selecting ranged from 4% to 9% for description, and from 6% to 20% 
for explanation. TEP coverage for the cognitive category of organizing ranged from 15% to 25% 
for description and from 13% to 50% for explanation. TEPs’ percentage of SOIP description for 
integrating ranged from 27% and 47%, and their explanations ranged from 41% to 69%. A 
relative color comparison was also conducted (See Appendix I).  
Table 61: 
Absolute Color Comparison of CTML’s Three Cognitive Categories Documented by TEPs 
  SELECTING ORGANIZING INTEGRATING 
TEP 
Description Explanation Description Explanation Description Explanation 
∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP1 7(9%) 12(15%) 10(21%) 14(29%) 17(27%) 38(59%) 
TEP2 3(4%) 5(6%) 10(21%) 13(27%) 30(47%) 32(50%) 
TEP3 3(4%) 10(13%) 7(15%) 6(13%) 30(47%) 32(50%) 
TEP4 7(9%) 12(15%) 10(21%) 24(50%) 17(27%) 41(64%) 
TEP5 6(8%) 6(8%) 9(19%) 9(19%) 17(27%) 26(41%) 
TEP6 7(4%) 10(13%) 11(23%) 9(19%) 30(47%) 32(50%) 
TEP7 7(9%) 12(15%) 11(23%) 13(27%) 19(30%) 31(48%) 
TEP8 7(9%) 16(20%) 12(25%) 18(38%) 30(47%) 44(69%) 
TEP9 7(9%) 12(15%) 9(19%) 14(29%) 17(27%) 38(59%) 
TEP10 7(9%) 12(15%) 10(21%) 14(29%) 17(27%) 32(50%) 
Note. The key for the absolute comparison of CTML cognitive categories is located in Appendix H. This 
key should be used as a side-by-side comparison while interpreting the results in this table.  
Total scores were calculated for each TEP’s coverage of the three CTML cognitive 
categories, by combining the SOIP description and explanation scores for geometry and 




selecting, 96 points for organizing, and 128 points for integrating. TEPs’ total coverage of the 
SOIPs within each of the cognitive categories ranged from 8-55% within geometry content, and 
from 1-61% for measurement. These data are displayed in Table 62.  
Table 62: 
Total CTML Cognitive Category Coverage Within Geometry and Measurement Content 
  Absolute Comparison   Relative Comparison 
 Selecting Organizing Integrating  Selecting Organizing Integrating 
TEP ∑(%) ∑(%) ∑(%)   ∑(%) ∑(%) ∑(%) 
TEP1 19(12%) 24(25%) 55(43%)  19(12%) 24(25%) 55(43%) 
TEP2 8(5%) 23(24%) 62(48%)  8(5%) 23(24%) 62(48%) 
TEP3 13(8%) 13(14%) 62(48%)  13(8%) 13(14%) 62(48%) 
TEP4 19(12%) 34(35%) 58(45%)  19(12%) 34(35%) 58(45%) 
TEP5 12(8%) 18(19%) 43(34%)  12(8%) 18(19%) 43(34%) 
TEP6 13(8%) 20(21%) 62(48%)  13(8%) 20(21%) 62(48%) 
TEP7 19(12%) 24(25%) 50(39%)  19(12%) 24(25%) 50(39%) 
TEP8 23(14%) 30(31%) 74(58%)  23(14%) 30(31%) 74(58%) 
TEP9 19(12%) 23(24%) 55(43%)  19(12%) 23(24%) 55(43%) 
TEP10 19(12%) 24(25%) 49(38%)   19(12%) 24(25%) 49(38%) 
Note. Maximum points (selecting =160, organizing = 96, and integrating = 128); The key for the absolute 
and relative color comparisons of the CTML’s cognitive categories are in Appendix H.  
Research Question 1a 
To what extent, if any, do the State University System (SUS) of Florida undergraduate 
elementary education mathematics methods courses’ textbooks include the National Council of 
Teachers of Mathematics’ (2014) eight high-leverage Mathematics Teaching Practices (MTPs)?  
To answer this question the researcher conducted a line-by-line content analysis of the 
2019-2020 required textbooks (n =10) of the elementary education programs within the State 
University System (SUS) of Florida (N =10). Presence of the MTPs was documented on the 
©Scoring Rubric for the National Council of Teachers of Mathematics’ (2014) Mathematics 




separately for the domains of geometry and measurement. The following sections report the 
results of this content analysis.  
 The researcher only analyzed portions of the textbooks determined to have been required 
reading based on the ©Textbook Coding Decision Guide (See Appendix D). Of the eleven 
required textbooks, ten were analyzed by the researcher. At the completion of the analysis, each 
textbook, for each domain, received a total of 16 scores, which were determined by aligning 
documented MTP teacher actions (TAs) and student actions (SAs) with the rubric’s rating scale, 
in Table 63 below. The 16 scores on each rubric were comprised of two scores for each of the 8 
MTPs, one score for MTP description and another for MTP explanation. Possible scores ranged 
from 0 to 4. The scoring scale referred to the teacher actions (TAs) and student actions (SAs) that 
correspond to each MTP, as adapted from the National Council of Teachers of Mathematics 
(2014) Principles to Actions: Ensuring Mathematics Success for All.  
Table 63:  
Mathematics Teaching Practices (MTPs) Rating Scale from the ©Scoring Rubric for the 
National Council of Teachers of Mathematics’ (2014) Mathematics Teaching Practices (MTPs) 
RATING SCALE 
DESCRIPTION LEVELS  
(General presence of TAs and SAs in textbook or 
syllabus.) 
EXPLANATION LEVELS 
(Applied presence of TAs and SAs in textbook or 
syllabus.) 
Level 4:  
Fully described 
All TAs and SAs are 
present. 
Level 4:  
Fully developed 
All TAs and SAs are present.  
Level 3:  
Well described  
Half or more of the TAs 
and SAs are present. 
Level 3:  
Well-developed 
Half or more of the TAs and 
SAs are present. 
Level 2: 
Described 
At least one TA is present. 
Less than half of all TAs 
and SAs are present. 
Level 2:  
Developed 
At least one TA is present. 
Less than half of all TAs and 
SAs are present. 
Level 1:  
Under described 
No TAs present. SAs are 
present. 
Level 1:  
Underdeveloped 
No TAs present. SAs are 
present.  
Level 0:  
Not stated.  
No TAs or SAs present. 
Level 0:  
Not present 





Construct presence was considered an explanation for, “Providing the logical 
development of something; stating the cause of something; demonstrating, illustrating, or 
clarifying something” (“Explanation, n.d.). TAs and SAs that required preservice (PST) teachers 
to apply, or that clearly illustrated, knowledge and skills were considered to be MTP 
explanations. For example, video links with teaching demonstrations, discussion topics, sample 
classroom activities, or questions that require the PST to apply the materials that was read. When 
textbooks did not clearly illustrate or require PST application of MTP TAs and SAs, but instead 
provided a definition or characteristic of a TA or SA, the presence was coded as a description. 
The ©Scoring Rubric for the National Council of Teachers of Mathematics’ (2014) Mathematics 
Teaching Practices (MTPs) (See Appendix B) includes more specific description and explanation 
categorization criteria.  
 After completing the content analysis of all required textbooks, the researcher scored 
each TEP based on its total textbook coverage of the MTPS. For each TEP, the researcher 
labeled a final ©Scoring Rubric for the National Council of Teachers of Mathematics’ (2014) 
Mathematics Teaching Practices (MTPs) for geometry and another for measurement. Then, 
separately for each domain, the researcher combined all the final textbook rubrics for each 
required textbook within a TEP. To complete this step, on the final rubrics, the researcher 
checked off every TA and SA that had been documented on the individual rubrics for the 
textbooks that were required by that TEP. Each TEP received 16 scores on the final rubric, one 
score for MTP description and one for MTP explanation for each of the eight MTPs. Therefore, 




Mathematics’ Mathematics Teaching Practices (MTPs), one rubric for geometry and one for 
measurement, with 32 final MTP scores. These final rubrics documented total TEP textbook 
MTP coverage. To answer this research question, the researcher utilized descriptive statistics and 
paired-samples t-tests. Descriptive analyses were presented using relative and absolute color 
comparisons. 
SUS of Florida Results  
For the SUS of Florida TEP (N = 10) as a whole, a total of 80 description scores and 
explanation scores were documented within the geometry and measurement content of required 
textbooks. A paired samples t-test was utilized to analyze the difference in documented MTP 
descriptions and explanations. Results indicated that within the investigated textbooks, MTP 
explanations (M = 3.57, SD = 0.63) were documented more than MTP descriptions (M = 2.71, 
SD = 0.70), t(159) = -11.754. The difference was large (d = 1.30) (Cohen, 1988) and statistically 
significant, p < .001. These data are displayed in Table 64, below.  
Table 64: 
Descriptive Statistics for the SUS of Florida’s Descriptions and Explanations of the MTPs 
Within Textbooks’ Geometry and Measurement Content 
Level of Coverage n Min Max ∑ M SD 
Description 160 0 4 433 2.71 0.70 
Explanation 160 2 4 571 3.57 0.63 
Total Score 320 0 4 1004 3.14 0.79 
 
Table 65 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final 
textbook scores for MTP descriptions, MTP explanations, and total coverage of the MTPs 




include a relative and absolute color comparison of means, which were ordered from greatest to 
least.  
The textbook content analysis resulted in the most frequently documented MTP having 
been MTP3 “use and connect mathematical representations.” MTP3 was ranked the highest for 
MTP descriptions (M = 3.25, SD = 0.44), MTP explanations (M = 3.95, SD = 0.32), and the 
highest for overall MTP coverage (M = 3.60, SD = 0.51). The least documented MTP was MTP7 
“support productive struggle in learning mathematics,” with the lowest documented presence for 
MTP description (M = 2.10, SD = 0.31), MTP explanation (M = 2.55, SD = 0.61), and total MTP 
coverage (M = 2.33, SD = 0.53). The results indicated a SUS of Florida sum of scores for all 
institutions that ranged from 42 to 65 points for MTP description (maximum possible = 80 
points), 51 to 79 points for MTP explanation (maximum possible = 80 points), and 93 to 144 





MTP Presence Within Textbook Geometry and Measurement Content 
    Color Comparison M  
MTP Ranking Min Max ∑ Relative Absolute SD 
MTP Descriptions (n = 20) 
MTP3 Use and connect mathematical representations 3 4 65 3.25 3.25 0.44 
MTP1 Establish mathematics goals to focus learning 2 3 56 2.80 2.80 0.41 
MTP2 Implement tasks that promote reasoning and problem solving 2 3 55 2.75 2.75 0.44 
MTP4 Facilitate meaningful mathematical discourse 0 4 55 2.75 2.75 1.02 
MTP8 Elicit and use evidence of student thinking 1 3 54 2.70 2.70 0.66 
MTP5 Pose purposeful questions 0 4 53 2.65 2.65 0.99 
MTP6 Build procedural fluency from conceptual understanding 2 3 53 2.65 2.65 0.49 
MTP7 Support productive struggle in learning mathematics 2 3 42 2.10 2.10 0.31 
MTP Explanations (n = 20) 
MTP2 Implement tasks that promote reasoning and problem solving 3 4 79 3.95 3.95 0.22 
MTP3 Use and connect mathematical representations 3 4 79 3.95 3.95 0.22 
MTP4 Facilitate meaningful mathematical discourse 3 4 79 3.95 3.95 0.22 
MTP6 Build procedural fluency from conceptual understanding 2 4 76 3.80 3.80 0.52 
MTP1 Establish mathematics goals to focus learning 2 4 75 3.75 3.75 0.55 
MTP8 Elicit and use evidence of student thinking 3 4 70 3.50 3.50 0.51 
MTP5 Pose purposeful questions 3 4 62 3.10 3.10 0.31 
MTP7 Support productive struggle in learning mathematics 2 4 51 2.55 2.55 0.61 
Total MTP Coverage (n = 40) 
MTP3 Use and connect mathematical representations 3 4 144 3.60 3.60 0.50 
MTP2 Implement tasks that promote reasoning and problem solving 2 4 134 3.35 3.35 0.70 
MTP4 Facilitate meaningful mathematical discourse 0 4 134 3.35 3.35 0.95 
MTP1 Establish mathematics goals to focus learning 2 4 131 3.27 3.27 0.68 
MTP6 Build procedural fluency from conceptual understanding 2 4 129 3.22 3.22 0.77 
MTP8 Elicit and use evidence of student thinking 1 4 124 3.10 3.10 0.71 
MTP5 Pose purposeful questions 0 4 115 2.88 2.88 0.76 
MTP7 Support productive struggle in learning mathematics 2 4 93 2.33 2.33 0.53 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side 




Teacher Education Program Results  
 The data presented in this section reflects scores from the content analysis of the required 
textbooks for each of the elementary education teacher education programs that were members 
of the State University System (SUS) of Florida during the 2019-2020 school year (N =10). 
Descriptive statistics in the form of minimum scores, maximum scores, sum of scores, means 
and standard deviations were utilized to report each TEPs’ textbook coverage of the MTPs. 
These data include a relative and absolute color comparison of means, which were ordered from 
greatest to least.  
Descriptive statistics of teacher education programs’ MTP coverage within the geometry 
and measurement content of their required textbooks are presented in Table 66. During the 2019-
2020 school year, TEP descriptions of the MTPs ranged from 36 to 49 points (M = 2.25 to 3.06), 
TEP explanations of the MTPs ranged from 49 to 60 points (M = 3.06 to 3.75), and TEP scores 
for total MTP coverage ranged from 91 to 109 points (M = 2.84 to 3.41). The maximum possible 
score for each level of coverage was 64 points for MTP description, 64 points for MTP 
explanation, and 128 points for total MTP coverage. TEP8 had the highest mean score for its 
MTP descriptions (M = 3.06, SD = 0.44), MTP explanations (M = 3.75, SD = 0.45), and total 
MTP coverage (M = 3.41, SD = 0.56). The absolute comparison indicated that TEP8 was the 
only program to demonstrate a good mean textbook MTP description score. Seven TEPs 
demonstrated moderately good mean MTP description scores, and two demonstrated moderate 





TEPs’ MTP Scores Within Textbook Geometry and Measurement Content  
    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
MTP Descriptions (n = 16) 
TEP8 2 4 49 3.06 3.06 0.44 
TEP5 2 4 46 2.88 2.88 0.72 
TEP7 2 3 46 2.88 2.88 0.34 
TEP1 2 3 44 2.75 2.75 0.45 
TEP2 2 4 44 2.75 2.75 0.58 
TEP4 2 3 44 2.75 2.75 0.45 
TEP9 2 3 44 2.75 2.75 0.45 
TEP10 2 3 44 2.75 2.75 0.45 
TEP3 0 4 36 2.25 2.25 1.13 
TEP6 0 4 36 2.25 2.25 1.13 
MTP Explanations (n = 16) 
TEP8 3 4 60 3.75 3.75 0.45 
TEP1 2 4 59 3.69 3.69 0.60 
TEP2 2 4 59 3.69 3.69 0.60 
TEP4 2 4 59 3.69 3.69 0.60 
TEP9 2 4 59 3.69 3.69 0.60 
TEP7 2 4 58 3.63 3.63 0.62 
TEP10 2 4 58 3.63 3.63 0.62 
TEP3 2 4 55 3.44 3.44 0.63 
TEP6 2 4 55 3.44 3.44 0.63 
TEP5 2 4 49 3.06 3.06 0.77 
Total MTP Coverage (n = 32) 
TEP8 2 4 109 3.41 3.41 0.56 
TEP7 2 4 104 3.25 3.25 0.62 
TEP1 2 4 103 3.22 3.22 0.71 
TEP2 2 4 103 3.22 3.22 0.75 
TEP4 2 4 103 3.22 3.22 0.71 
TEP9 2 4 103 3.22 3.22 0.71 
TEP10 2 4 102 3.19 3.19 0.69 
TEP5 2 4 95 2.97 2.97 0.74 
TEP3 0 4 91 2.84 2.84 1.08 
TEP6 0 4 91 2.84 2.84 1.08 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should 




Research Question 1b 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the National Council of Teachers of Mathematics’ 
(2014) eight high-leverage Mathematics Teaching Practices (MTPs)?  
 To document syllabi coverage of the National Council of Teachers of  Mathematics’  
(NCTM) eight high-leverage Mathematics Teaching Practices (MTPs), the researcher conducted 
a line-by-line content analysis of each course syllabi from the required mathematics methods 
courses (n = 19) within the State University System of Florida’s undergraduate elementary 
education programs. For each syllabus, presence of the MTPs was documented on the ©Scoring 
Rubric for the National Council of Teachers of Mathematics’ (2014) Mathematics Teaching 
Practices (MTPs) (See Appendix B). As with the content analysis of textbooks, the researcher 
utilized separate rubrics to document MTP coverage within geometry and measurement.  
At the completion of the content analysis, each syllabus received a total of 64 scores, 
which were determined by aligning documented MTP teacher actions (TAs) and student actions 
(SAs) with the rubric’s rating scale. Each syllabus received 16 scores for geometry, 16 for 
measurement, 16 for content that could be ambiguously applied to geometry, and 16 for content 
that could be ambiguously applied to measurement. The 16 scores on each rubric were 
comprised of the 8 description and 8 explanation scores for each MTP. Possible scores ranged 
from 0 to 4. The scoring scale referred to the teacher actions (TAs) and student actions (SAs) that 
correspond to each MTP, as adapted from the National Council of Teachers of Mathematics 
(2014) Principles to Actions: Ensuring Mathematics Success for All. The rating scale from the 




Construct presence was considered an explanation for, “Providing the logical 
development of something; stating the cause of something; demonstrating, illustrating, or 
clarifying something” (“Explanation,” n.d.). TAs and SAs that required preservice (PST) 
teachers to apply, or that clearly illustrated, knowledge and skills were considered to be MTP 
explanations. For example, video links with teaching demonstrations, discussion topics, sample 
classroom activities, or questions that require the PST to apply the materials that was read. When 
textbooks did not clearly illustrate or require PST application of MTP TAs and SAs, but instead 
provided a definition or characteristic of a TA or SA, the presence was coded as a description. 
The ©Scoring Rubric for the National Council of Teachers of Mathematics’ (2014) Mathematics 
Teaching Practices (MTPs) (See Appendix B) includes more specific description and explanation 
categorization criteria.  
After completing the content analysis of the syllabi, the researcher scored each TEP 
based on total TEP syllabi coverage of the MTPs. To score each TEP, the researcher gathered all 
of the final syllabi rubrics for each of the mathematics methods courses required by a TEP. Then, 
separately for each domain, the researcher combined all of the syllabi rubrics for each required 
mathematics methods course within a TEP. To complete this step, on the final rubrics, the 
researcher checked off every TA and SA that had been documented on the individual rubrics for 
the mathematics methods courses that were required by that TEP. Each TEP received 16 scores 
on each of the final rubrics, 8 scores each for overall description and explanation. There were 




Teaching Practices (MTPs) for each TEP, one rubric for geometry and one for measurement. 
These final rubrics documented total TEP syllabi coverage of the MTPs. 
To answer this research question, the researcher utilized descriptive statistics and paired-
samples t-tests. Descriptive analyses were presented using relative and absolute color 
comparisons. These results represent the data from the conservative analysis, which indicated 
construct presence within content that certainly applied to geometry and measurement. The 
generous analysis includes additional documentation of constructs as they were found within 
syllabi content that could have been applied to geometry or measurement (or other domains), and 
the findings from this analysis are presented in Chapter Five.  
SUS of Florida Results 
In this section, the MTP results from the content analysis of syllabi are presented. For the 
SUS of Florida as a whole, a total of 160 MTP description scores and 160 MTP explanation 
scores were documented within the geometry and measurement content course syllabi. A paired 
samples t-test was utilized to analyze the difference in the overall level of MTP coverage. 
Results indicated that MTP explanations (M =1.07, SD = 1.29) were documented more than MTP 
descriptions (M = 0.41, SD = 0.86), t(159) = 5.11. The difference was moderate (d = 0.60) 
(Cohen, 1988) and statistically significant p < .001. These data are displayed in Table 67 below.  
Table 67: 
Combined Geometry and Measurement Descriptive Statistics for MTP Coverage, Syllabi 
Level of Coverage n Min Max ∑ M SD 
Description 160 0 3 66 0.41 0.86 
Explanation 160 0 4 171 1.07 1.29 





Table 68 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final syllabi 
scores for MTP description, MTP explanation, and total MTP coverage within the domains of 
geometry and measurement. These data include a relative and absolute color comparison of 
means, which were ordered from greatest to least. 
The conservative analysis of 2019-2020 course syllabi documented MTP1 “establish 
mathematics goals to focus learning” as the most described MTP (M = 0.70, SD = 0.98). MTP3 
“use and connect mathematical representations” was the most explained (M = 1.75, SD = 1.25), 
and the most documented overall (M = =1.05, SD = 1.28). The least described of the MTPs was 
MTP6 “build procedural fluency from conceptual understanding,” (M = 0.05, SD = 0.22). With 
the same mean score (M = 0.60), MTP5 (SD = 1.23), and MTP7(SD = 0.94), were the least 
explained. For MTP explanation mean scores ranged from 0.60 (MTP5 and MTP7) to 1.75 
(MTP3). Mean scores for total MTP coverage ranged from 0.45 (MTP7) to 1.05 (MTP3). The 
results indicated a sum of scores ranging from 1 to 14 points for MTP description (maximum 
possible = 80 points), 12 to 35 points for MTP explanations (maximum possible = 80 points), 





MTP Presence Within the Geometry and Measurement Content of Syllabi 
MTP Ranking Min Max ∑ 
Color Comparison M 
SD Relative  Absolute 
MTP Description (n =20)       
MTP1 Establish mathematics goals to focus learning 0 2 14 0.70 0.70 0.98 
MTP8 Elicit and use evidence of student thinking 0 3 14 0.70 0.70 1.26 
MTP2 Implement tasks that promote reasoning and problem solving 0 2 10 0.50 0.50 0.89 
MTP5 Pose purposeful questions 0 2 8 0.40 0.40 0.82 
MTP3 Use and connect mathematical representations 0 3 7 0.35 0.35 0.88 
MTP4 Facilitate meaningful mathematical discourse 0 2 6 0.30 0.30 0.73 
MTP7 Support productive struggle in learning mathematics 0 2 6 0.30 0.30 0.73 
MTP6 Build procedural fluency from conceptual understanding 0 1 1 0.05 0.05 0.22 
MTP Explanation (n=20)       
MTP3 Use and connect mathematical representations 0 3 35 1.75 1.75 1.25 
MTP6 Build procedural fluency from conceptual understanding 0 3 28 1.40 1.40 1.23 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 26 1.30 1.30 1.46 
MTP8 Elicit and use evidence of student thinking 0 3 24 1.20 1.20 1.36 
MTP1 Establish mathematics goals to focus learning 0 3 20 1.00 1.00 1.30 
MTP4 Facilitate meaningful mathematical discourse 0 3 14 0.70 0.70 1.26 
MTP5 Pose purposeful questions 0 3 12 0.60 0.60 1.23 
MTP7 Support productive struggle in learning mathematics 0 2 12 0.60 0.60 0.94 
Total MTP Coverage (n =40)       
MTP3 Use and connect mathematical representations 0 3 42 1.05 1.05 1.28 
MTP8 Elicit and use evidence of student thinking 0 3 38 0.95 0.95 1.32 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 36 0.90 0.90 1.26 
MTP1 Establish mathematics goals to focus learning 0 3 34 0.85 0.85 1.15 
MTP6 Build procedural fluency from conceptual understanding 0 3 29 0.72 0.72 1.11 
MTP4 Facilitate meaningful mathematical discourse 0 3 20 0.50 0.50 1.04 
MTP5 Pose purposeful questions 0 3 20 0.50 0.50 1.04 
MTP7 Support productive struggle in learning mathematics 0 2 18 0.45 0.45 0.85 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side 




Teacher Education Program Results 
Descriptive statistics of teacher education programs’ MTP coverage within the geometry 
and measurement content of the mathematics methods course syllabi of TEPs within the SUS of 
Florida (N = 10) are presented in Table 69. During the 2019-2020 school year, TEP descriptions 
of the MTPs ranged from 0 to 25 points (M = 0.00 to 1.56), TEP explanations of the MTPs 
ranged from 0 to 48 points (M = 0.00 to 3.00) and TEP scores for total MTP coverage ranged 
from 0 to 49 points (M = 0.00 to 1.53). The maximum possible score for each level of coverage 
was 64 points for MTP description, 64 points for MTP explanation, and 128 points of total 
coverage. 
Table 69: 
TEPs’ MTP Presence Within the Geometry and Measurement Content of Syllabi 
    Color Comparison M  
Category Min Max ∑ Relative  Absolute  SD 
MTP Description (n = 16)      
TEP2 0 3 25 1.56 1.56 0.96 
TEP5 0 3 22 1.38 1.38 1.15 
TEP6 0 3 15 0.94 0.94 1.18 
TEP9 0 2 4 0.25 0.25 0.68 
TEP1 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP4 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP8 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
MTP Explanation (n =16)      
TEP8 2 4 48 3.00 3.00 0.52 
TEP4 0 3 42 2.63 2.63 1.02 
TEP5 0 3 27 1.69 1.69 1.08 
TEP2 0 2 18 1.13 1.13 1.02 
TEP1 0 3 10 0.63 0.63 1.15 
TEP9 0 2 10 0.63 0.63 0.89 
TEP6 0 2 8 0.50 0.50 0.89 
TEP7 0 2 8 0.50 0.50 0.89 
TEP3 0 0 0 0.00 0.00 0.00 




    Color Comparison M  
Category Min Max ∑ Relative  Absolute  SD 
Total MTP Coverage (n = 32)      
TEP5 0 3 49 1.53 1.53 1.11 
TEP8 0 4 48 1.50 1.50 1.57 
TEP2 0 3 43 1.34 1.34 1.00 
TEP4 0 3 42 1.31 1.31 1.51 
TEP6 0 3 23 0.72 0.72 1.05 
TEP9 0 2 14 0.44 0.44 0.80 
TEP1 0 3 10 0.31 0.31 0.86 
TEP7 0 2 8 0.25 0.25 0.67 
TEP3 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should 
be used as a side-by-side comparison while interpreting the results in this table.  
Research Question 1c 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include Mayer’s (2008) Science of Instruction 
Principles (SOIPs)?  
To document textbook coverage of Mayer’s SOIPs, the researcher conducted a line-by-
line content analysis of the SUS of Florida elementary education TEPs’ (N = 10) mathematics 
methods courses required textbooks (n =10) during the 2019-2020 school year. Presence of the 
SOIPs was documented on the ©Scoring Rubric for Mayer’s Science of Instruction Principles 
(SOIPs) (See Appendix C). The content analysis was completed and scored separately for the 
domains of geometry and measurement. The findings presented below combine the scores from 
both domains.  
As SOIPs were discovered within the text, they were documented on the ©Scoring 
Rubric for Mayer’s Science of Instruction Principles (SOIPs) under one of two categories, 




the SOIP teacher actions (TAs) and teacher understandings (TUs) from all textbook rubrics onto 
a final TEP rubric. On this rubric, the TEP was assigned an overall textbook score for its 
description and explanation of each SOIP. Each construct was scored on a scale of 0 to 4, with 4 
being the highest score possible, representing complete coverage of an SOIP.  
Descriptive statistics were analyzed and a correlated-samples t-test was conducted to 
compare the mean scores for SOIP description and explanation. Descriptive statistics for SOIP 
coverage were presented in the form of minimum scores, maximum scores, sum of scores, 
means, and standard deviations. In addition to reporting the results for coverage of each SOIP, 
the researcher categorized results based on based on the CTML’s cognitive categories of SOIPs 
for selecting, SOIPs for organizing, and SOIPs for integrating. A more detailed description of 
the SOIPs within each category is presented in Chapter Three.  
SUS of Florida Results  
For the SUS of Florida TEPs (N = 10), a total of 240 SOIP description scores and 240 
SOIP explanation scores were documented within the geometry and measurement content of the 
2019-2020 required textbooks. A paired samples t-test was utilized to analyze the difference in 
documented SOIP descriptions and explanations. Results indicated that within the investigated 
textbooks, SOIP explanations (M = 2.25, SD = 1.86) were documented more than SOIP 
descriptions (M = 1.58, SD = 1.64), t(239) = 3.98. The difference was slightly less than moderate 







Descriptive Statistics for SOIPs Level of Coverage Within the Geometry and Measurement 
Content of TEP Mathematics Textbooks 
Level of Coverage n Min Max ∑ M SD 
Description 240 0 4 380 1.58 1.64 
Explanation 240 0 4 539 2.25 1.86 
Total Score 480 0 4 919 1.91 1.78 
 
Table 71 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final 
textbook scores for SOIP descriptions, SOIP explanations, and total coverage of the SOIPs 
(description and explanation) within the domains of geometry and measurement. These data 
include a relative and absolute color comparison of means, which were ordered from greatest to 
least.  
The results of the textbook content analysis indicated that the anchoring principle was the 
most frequently documented principle within the geometry and measurement content of 
textbooks, with the highest total SOIP coverage score (M = 3.63, SD = 0.49) and the highest 
SOIP description score (M = 3.35, SD = 0.49). The multimedia principle was the second most 
documented principle overall (M =3.55, SD = 0.99), ranking fourth for SOIP description (M = 
3.15, SD = 1.27), and ranking first for SOIP explanation (M = 3.95, SD = 0.22). The third ranked 
principle for overall SOIP coverage was the concretizing principle (M = 3.53, SD = 0.55). 
Concretizing was also ranked second for SOIP description (M = 3.20, SD = 0.52) and fourth for 
SOIP explanation (M = 3.90, SD = 0.31). Explanations were documented for the principles of 
coherence (M = 0.05, SD = 0.22), expectation (M = 0.60, SD = 1.47), and temporal contiguity 
(M = 1.20, SD = 1.88), but descriptions were not documented (M = 0.00, SD = 0.00). The 




measurement content of the textbooks (M = 0.00, SD = 0.00). The top five ranked SOIPs for 
overall coverage were the anchoring principle (M = 3.63, SD = 0.49), the multimedia principle 
(M = 3.55, SD = 0.99), concretizing principle (M = 3.53, SD = 0.55), the signaling principle (M 
= 3.17, SD = 1.17), and the segmenting principle (M = 3.13, SD = 0.79).  
 Within geometry and measurement, the SUS of Florida TEPs’ SOIP sum of scores ranged 
from 0 to 67 points (SOIP description, maximum possible = 80 points), 0 to 79 points (SOIP 
explanation, maximum possible = 80 points), and from 0 to 145 points (total SOIP coverage, 
maximum possible = 160 points). The minimum scores for total coverage indicate that the 
principles of anchoring (3), concretizing (2), and the multimedia principle (1) were present 
within the geometry and measurement content of textbooks within every TEP.  
Table 71: 
SOIP Presence Within the Geometry and Measurement Content of Textbooks 
     Color Comparison M  
SOIP Rankings Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 20)       
SOIP12 Anchoring 3 4 67 3.35 3.35 0.49 
SOIP11 Concretizing 2 4 64 3.20 3.20 0.52 
SOIP6 Segmenting 2 4 63 3.15 3.15 0.67 
SOIP9 Multimedia 1 4 63 3.15 3.15 1.27 
SOIP2 Signaling 0 4 57 2.85 2.85 1.31 
SOIP7 Pretraining 0 3 36 1.80 1.80 0.77 
SOIP10 Personalization 0 4 30 1.50 1.50 1.73 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 20)     
SOIP9 Multimedia 3 4 79 3.95 3.95 0.22 
SOIP10 Personalization 3 4 78 3.90 3.90 0.31 
SOIP12 Anchoring 3 4 78 3.90 3.90 0.31 
SOIP11 Concretizing 3 4 77 3.85 3.85 0.37 




     Color Comparison M  
SOIP Rankings Min Max ∑ Relative Absolute SD 
SOIP6 Segmenting 0 4 62 3.10 3.10 0.91 
SOIP7 Pretraining 0 4 58 2.90 2.90 1.17 
SOIP4 Temporal Contiguity 0 4 24 1.20 1.20 1.88 
SOIP5 Expectation 0 4 12 0.60 0.60 1.47 
SOIP1 Coherence 0 1 1 0.05 0.05 0.22 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 40)     
SOIP12 Anchoring 3 4 145 3.63 3.63 0.49 
SOIP9 Multimedia 1 4 142 3.55 3.55 0.99 
SOIP11 Concretizing 2 4 141 3.53 3.53 0.55 
SOIP2 Signaling 0 4 127 3.17 3.17 1.17 
SOIP6 Segmenting 0 4 125 3.13 3.13 0.79 
SOIP10 Personalization 0 4 108 2.70 2.70 1.73 
SOIP7 Pretraining 0 4 94 2.35 2.35 1.12 
SOIP4 Temporal Contiguity 0 4 24 0.60 0.60 1.45 
SOIP5 Expectation 0 4 12 0.30 0.30 1.07 
SOIP1 Coherence 0 1 1 0.03 0.03 0.16 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should 
be used as a side-by-side comparison while interpreting the results in this table.  
Teacher Education Program Results 
Descriptive statistics of teacher education programs’ SOIP coverage within the geometry 
and measurement content of textbooks is presented in Table 72. During the 2019-2020 school 
year, TEP descriptions ranged from 32 points to 49 points (M =1.33 to 2.04), TEP explanations 
of the SOIPs ranged from 41 to 62 points (M = 1.71 to 2.58) and TEP scores for total SOIP 
coverage ranged from 73 to 111 points (M = 1.52 to 2.31). The maximum possible score for each 
level of coverage was 96 points for SOIP description, 96 points for SOIP explanation, and 192 





TEPs’ SOIP Scores Within Textbook Geometry and Measurement Content 
    Color Comparison M  
TEP Rankings Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n =24)     
TEP8 0 4 49 2.04 2.04 1.83 
TEP6 0 4 44 1.83 1.83 1.86 
TEP2 0 4 43 1.79 1.79 1.87 
TEP3 0 4 40 1.67 1.67 1.83 
TEP7 0 4 37 1.54 1.54 1.59 
TEP1 0 4 34 1.42 1.42 1.56 
TEP4 0 4 34 1.42 1.42 1.56 
TEP10 0 4 34 1.42 1.42 1.56 
TEP9 0 4 33 1.38 1.38 1.53 
TEP5 0 3 32 1.33 1.33 1.34 
SOIP Explanations (n = 24)    
TEP8 0 4 62 2.58 2.58 1.89 
TEP1 0 4 58 2.42 2.42 1.93 
TEP9 0 4 58 2.42 2.42 1.93 
TEP10 0 4 58 2.42 2.42 1.93 
TEP4 0 4 57 2.38 2.38 1.91 
TEP7 0 4 56 2.33 2.33 1.88 
TEP6 0 4 51 2.13 2.13 1.87 
TEP2 0 4 50 2.08 2.08 1.91 
TEP3 0 4 48 2.00 2.00 1.91 
TEP5 0 4 41 1.71 1.71 1.55 
Total SOIP Coverage (n = 48)     
TEP8 0 4 111 2.31 2.31 1.86 
TEP6 0 4 95 1.98 1.98 1.85 
TEP2 0 4 93 1.94 1.94 1.87 
TEP7 0 4 93 1.94 1.94 1.77 
TEP1 0 4 92 1.92 1.92 1.81 
TEP10 0 4 92 1.92 1.92 1.81 
TEP4 0 4 91 1.90 1.90 1.79 
TEP9 0 4 91 1.90 1.90 1.80 
TEP3 0 4 88 1.83 1.83 1.86 
TEP5 0 4 73 1.52 1.52 1.44 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should 




 Cognitive Categories of Selecting, Organizing, and Integrating 
In this section, the results of the SOIPs documented during the content analysis of 
required textbooks are presented as sorted by the three cognitive categories (i.e. selecting, 
organizing, and integrating) suggested by Mayer’s (2009) Cognitive Theory of Multimedia 
Learning (CTML). The SUS of Florida scores for SOIPs within each of the CTML’s three 
cognitive categories were analyzed using descriptive statistics in the form of sum of scores and 
percentage of total coverage. Absolute and relative color comparisons were applied to all values.  
To complete this analysis the final SOIP results for each TEP were combined into one 
group of scores representing the entire SUS of Florida, then the SOIP scores were sorted by 
CTML cognitive category. Results for SOIP1 through SOIP5 were categorized as SOIPs for 
selecting, SOIP6 through SOIP 8 were categorized as SOIPs for organizing, and SOIP9 through 
SOIP12 were categorized as SOIPs for integrating. All description and explanation scores were 
incorporated into the categories, and an independent samples one-way ANOVA was conducted 
to determine if differences between the categories were statistically significant.  
The ANOVA results for geometry and measurement content indicated that the difference 
between the categories of selecting (M = 0.82, SD = 1.53), organizing (M = 1.83, SD = 1.55), and 
integrating (M = 3.35 SD = 1.12), was statistically significant F(2, 417) = 79.50 p < .001. The 
Tukey HSD post hoc test indicated that there were moderate sized and statistically significant 
differences between the categories of selecting and organizing (p < .01, d = 0.66), large and 




.01, d = 1.89), and large statistically significant differences between SOIPs for organizing and 
SOIPs for integrating (p < .01, d = 1.12). Table 73 displays these data.  
Table 73: 
Descriptive Statistics for the SUS of Florida TEPs’ Coverage of the CTML’s Three Cognitive 
Categories Within Required Textbooks 
Cognitive Category  n Min Max ∑ M SD 
Selecting 200 0 4 164 0.82 1.53 
Organizing 120 0 4 219 1.83 1.55 
Integrating 160 0 4 536 3.35 1.12 
 
Table 74 presents the descriptive statistics for coverage of the CTML’s three cognitive 
categories within the geometry and measurement content of textbooks. Description and 
explanation scores for geometry and measurement were combined and an absolute color 
comparison was applied. The maximum possible points for each level of coverage (description 
and explanations) was 80 points for the selecting SOIPs, 48 points for organizing SOIPs, and 64 
points for integrating SOIPs.  
The CTML cognitive category coverage for the SUS of Florida TEPs’ textbooks ranged 
from 12 to 23 points (15 - 29%) for SOIPs for selecting, from 13 to 26 points (27 - 54%) for 
SOIPs for organizing, and from 43 to 62 points (67-100%) for the SOIPs for integrating. The 
relative and absolute color comparison keys located in Appendix H should be used as a side-by-






Total CTML Category Coverage Within the Geometry and Measurement Content of Textbooks 
  Absolute Comparison   Relative Comparison 
 Selecting Organizing Integrating  Selecting Organizing Integrating 
 ∑(%) ∑(%) ∑(%)  ∑(%) ∑(%) ∑(%) 
 TEP Selecting Organizing Integrating   Selecting Organizing Integrating 
TEP1 19(24%) 24(50%) 49(77%)  19(24%) 24(50%) 49(77%) 
TEP2 18(10%) 23(48%) 62(97%)  18(10%) 23(48%) 62(97%) 
TEP3 13(16%) 13(27%) 62(97%)  13(16%) 13(27%) 62(97%) 
TEP4 19(24%) 24(50%) 48(75%)  19(24%) 24(50%) 48(75%) 
TEP5 12(15%) 18(38%) 43(67%)  12(15%) 18(38%) 43(67%) 
TEP6 13(16%) 20(42%) 62(97%)  13(16%) 20(42%) 62(97%) 
TEP7 19(24%) 24(50%) 50(78%)  19(24%) 24(50%) 50(78%) 
TEP8 23(29%) 26(54%) 62(97%)  23(29%) 26(54%) 62(97%) 
TEP9 19(24%) 23(48%) 49(77%)  19(24%) 23(48%) 49(77%) 
TEP10 19(24%) 24(50%) 49(77%)   19(24%) 24(50%) 49(77%) 
Note. The keys for the absolute and relative color comparisons of the CTML’s cognitive categories is in 
Appendix H. These keys should be used for a side-by-side comparison while interpreting the results in 
this table.  
 Table 75 presents the CTML’s cognitive category description and explanation scores that 
comprised the total scores presented above. These values represent the textbook content analysis 
results for geometry and measurement combined. Each TEP’s sum of scores for description and 
explanation are presented with the percentage of maximum points earned. An absolute color 
comparison was applied to those value. The maximum possible points for each level of coverage 
(description separately from explanations) was 40 points for the selecting SOIPs, 24 points for 
the organizing SOIPs, and 32 points for the integrating SOIPs. The SUS of Florida TEPs’ total 
SOIP description points ranged from 3 to 7 points (8-18%) for SOIPs for selecting, from 7 to 12 
points (29 - 50%) for SOIPs for organizing, and from 17 to 30 points (54 – 94%) for SOIPs for 
integrating. SOIP explanation scores ranged from 5 to 16 points (13 – 30%) for the selecting 
SOIPs, from 6 to 14 points (25 – 58%) for the organizing SOIPs, and from 26 to 32 points (81-





Absolute Color Comparison of the CTML’s Three Cognitive Categories Documented Within the 
Geometry and Measurement Content of Textbooks 
  SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
TEP ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP1 7(18%) 12(30%) 10(42%) 14(58%) 17(53%) 32(100%) 
TEP2 3(8%) 5(13%) 10(42%) 13(54%) 30(94%) 32(100%) 
TEP3 7(18%) 10(25%) 7(29%) 6(25%) 30(94%) 32(100%) 
TEP4 7(18%) 12(30%) 10(42%) 14(58%) 17(53%) 31(97%) 
TEP5 6(15%) 6(15%) 9(38%) 9(38%) 17(53%) 26(81%) 
TEP6 3(8%) 10(25%) 11(46%) 9(38%) 30(94%) 32(100%) 
TEP7 7(18%) 16(30%) 11(46%) 13(54%) 19(59%) 31(97%) 
TEP8 7(18%) 12(40%) 12(50%) 14(58%) 30(94%) 32(100%) 
TEP9 7(18%) 16(30%) 9(38%) 14(58%) 17(53%) 32(100%) 
TEP10 7(18%) 16(30%) 10(42%) 14(58%) 17(53%) 32(100%) 
Research Question 1d 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s (2008) Science of Instruction Principles 
(SOIPs)?  
A content analysis of the 10 teacher education programs from the State University 
System of Florida were evaluated for presence of Mayer’s (2008) Science of Instruction 
Principles (SOIPs). The researcher conducted a line-by-line analysis of each of the 19 course 
syllabi. As SOIPs were discovered within the syllabi, they were documented on the ©Scoring 
Rubric for Mayer’s Science of Instruction Principles (SOIPs) (See Appendix C) under one of two 
categories, either description or explanation. For each SUS of Florida institution, all syllabi 
rubrics were combined into a final overall rubric for each domain. On this rubric, the TEP was 
assigned an overall TEP syllabi score for its description and explanation of each SOIP. Each 




possible, representing complete coverage of the SOIP. Descriptive statistics were analyzed, and a 
paired-samples t-test was conducted to compare the mean scores for SOIP description and SOIP 
explanation. The results of this research question were presented within the CTML’s three 
cognitive categories of SOIPs for selecting, SOIPs for organizing, and SOIPs for integrating. An 
independent samples ANOVA was conducted to determine if there were significant differences 
between syllabi coverage of the SOIPs within each of the CTML’s three cognitive categories.  
Two syllabi analyses were conducted. The conservative analysis indicated construct 
presence within syllabi content that certainly applied to geometry and measurement. The 
generous analysis included additional documentation of constructs as they were found within 
syllabi content that could have been applied to geometry or measurement (or other domains). A 
detailed description of inclusion criteria for the generous analysis is listed under procedures in 
Chapter Three. The findings in this section only report the results of the conservative analysis. 
The results of the generous analysis are presented in Chapter Five, along with other additional 
findings.  
The SOIP scores presented reflect data from a content analysis of the 19 course syllabi 
from the mathematics methods courses within the SUS of Florida’s elementary education TEPs 
during the 2019-2020 school year. The researcher utilized TEP scores from the final SOIP 
rubrics, which combined all documented teacher actions (TAs) and teacher understandings (TUs) 
into a single form for geometry and a single form for measurement, for each TEP. Descriptive 
and inferential statistics were utilized to answer this research questions. Descriptive statistics are 




Absolute and relative color comparisons were applied to the mean scores, which were presented 
in order from greatest to least.  
SUS of Florida Results 
A paired samples t-test was utilized to analyze the difference in the overall level of SOIP 
coverage. Results indicated that within the geometry and measurement content of the 
mathematics methods courses’ required syllabi, SOIP explanations (M = 0.20, SD = 0.67) were 
documented more than SOIP descriptions, which were not documented at all (M = 0.00, SD = 
0.00), t(239) = 4.64. The difference was small (d = 0.42) (Cohen, 1988) and statistically 
significant p < .001. These data are displayed in Table 76, below. 
Table 76: 
Combined Geometry and Measurement Descriptive Statistics 
Level of Coverage n Min Max ∑ M SD 
Description 240 0 0 0 0.00 0.00 
Explanation 240 0 3 48 0.20 0.67 
Total Score 480 0 3 48 0.10 0.48 
 
Table 77 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final scores 
for SOIP description, SOIP explanation, and total SOIP coverage within the domains of geometry 
and measurement. During the 2019-2020 school year, the multimedia principle (SOIP9) was the 
most explained (M = 0.95, SD = 1.23) and the most documented SOIP overall (M = 0.48, SD = 







SOIP Presence Within the Geometry and Measurement Content of Syllabi 
          Color Comparison M   
SOIP Ranking Min Max ∑ Relative  Absolute  SD 
SOIP Descriptions (n = 20) 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP6 Segmenting 0 0 0 0.00 0.00 0.00 
SOIP7 Pretraining 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP9 Multimedia 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
SOIP11 Concretizing 0 0 0 0.00 0.00 0.00 
SOIP12 Anchoring 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 20)  
SOIP9 Multimedia 0 3 19 0.95 0.95 1.23 
SOIP12 Anchoring 0 3 10 0.50 0.50 1.10 
SOIP6 Segmenting 0 3 8 0.40 0.40 0.94 
SOIP7 Pretraining 0 2 6 0.30 0.30 0.66 
SOIP11 Concretizing 0 3 5 0.25 0.25 0.72 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 40) 
SOIP9 Multimedia 0 3 19 0.48 0.48 0.99 
SOIP12 Anchoring 0 3 10 0.25 0.25 0.81 
SOIP6 Segmenting 0 3 8 0.20 0.20 0.69 
SOIP7 Pretraining 0 2 6 0.15 0.15 0.48 
SOIP11 Concretizing 0 3 5 0.12 0.12 0.52 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Teacher Education Program Results 
Descriptive statistics from the conservative analysis of the required course syllabi of 
teacher education programs’ (N = 10) SOIP coverage within the domains of geometry and 
measurement are presented in Table 78. Based on the ©Scoring Rubric for Mayer’s Science of 
Instruction Principles (SOIPs), the maximum score that a TEP could have earned for the 
presence of all SOIPs with geometry and measurement content combined was 96 points for SOIP 
description, 96 points for SOIP explanation, and 192 points of total SOIP coverage. Results 
indicated zero documentation of SOIP descriptions. TEPs’ scores for explanations of the SOIPs 
ranged from 0 to 20 points (M = 0.00 to 0.83). TEPs’ scores for total SOIP coverage ranged from 
0 to 20 points (M = 0.00 to 0.42). Four of the 10 teacher education programs included some form 
of SOIP explanation within at least one of their mathematics methods course syllabi.  
Table 78: 
TEPs’ SOIP Scores Within the Geometry and Measurement Content of Syllabi 
        Color Comparison M   
TEP Rankings Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 24) 
TEP1 0 0 0 0.00 0.00 0.00 
TEP2 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP4 0 0 0 0.00 0.00 0.00 
TEP5 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP8 0 0 0 0.00 0.00 0.00 
TEP9 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 24) 
TEP4 0 3 20 0.83 0.83 1.24 
TEP8 0 3 16 0.67 0.67 1.05 
TEP1 0 2 6 0.25 0.25 0.61 
TEP9 0 3 6 0.25 0.25 0.85 




        Color Comparison M   
TEP Rankings Min Max ∑ Relative Absolute SD 
TEP3 0 0 0 0.00 0.00 0.00 
TEP5 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 48) 
TEP4 0 3 20 0.42 0.42 0.96 
TEP8 0 3 16 0.33 0.33 0.81 
TEP1 0 2 6 0.12 0.12 0.44 
TEP9 0 3 6 0.12 0.12 0.61 
TEP2 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP5 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table.  
The CTML’s Cognitive Categories of Selecting, Organizing, and Integrating 
In this section, the researcher presents SOIP results as they fall within the CTML’s three 
cognitive categories (i.e. selecting, organizing, and integrating). Table 79 displays the 
descriptive statistics for each of the three SOIP cognitive categories as documented through the 
content analysis of geometry and measurement content. An ANOVA was conducted to compare 
SUS of Florida coverage of the SOIPs within the CTML’s cognitive categories. The ANOVA 
results indicated that the difference between the categories of selecting (M = 0.00, SD = 0.00), 
organizing (M = 0.12, SD = 0.48), and integrating (M = 0.21, SD = 0.70), was statistically 
significant F(2, 477) = 9.03, p < .001. The Tukey HSD post hoc test indicated that the 
differences between selecting and organizing were not significant, nor was the difference 
between organizing and integrating. However, the differences between selecting and integrating 





Descriptive Statistics for the SUS of Florida TEPs’ Coverage of the CTML’s Three Cognitive 
Categories,  
Cognitive Category  n Min Max ∑ M SD 
 Selecting 200 0 0 0 0.00 0.00 
 Organizing 120 0 3 14 0.12 0.48 
 Integrating 160 0 3 34 0.21 0.70 
 
Total scores were calculated for each TEP’s coverage of the three CTML cognitive 
categories, by combining the SOIP description and explanation scores for geometry and 
measurement. TEPs’ total coverage ranged from 0-12%. These data are displayed in Table 80. 
Table 80: 
Total CTML’s Cognitive Category Coverage Within the Geometry and Measurement Content of 
Syllabi 
  Absolute Comparison   Relative Comparison 
 Selecting Organizing Integrating  Selecting Organizing Integrating 
TEP ∑(%) ∑(%) ∑(%)   ∑(%) ∑(%) ∑(%) 
TEP1 0(0%) 0(0%) 6(5%)  0(0%) 0(0%) 6(5%) 
TEP2 0(0%) 0(0%) 0(0%)  0(0%) 0(0%) 0(0%) 
TEP3 0(0%) 0(0%) 0(0%)  0(0%) 0(0%) 0(0%) 
TEP4 0(0%) 10(10%) 10(8%)  0(0%) 10(10%) 10(8%) 
TEP5 0(0%) 0(0%) 0(0%)  0(0%) 0(0%) 0(0%) 
TEP6 0(0%) 0(0%) 0(0%)  0(0%) 0(0%) 0(0%) 
TEP7 0(0%) 0(0%) 0(0%)  0(0%) 0(0%) 0(0%) 
TEP8 0(0%) 4(4%) 12(9%)  0(0%) 4(4%) 12(9%) 
TEP9 0(0%) 0(0%) 6(5%)  0(0%) 0(0%) 6(5%) 
TEP10 0(0%) 0(0%) 0(0%)   0(0%) 0(0%) 0(0%) 
Note. The keys for the absolute and relative comparisons of CTML’s cognitive categories are in Appendix 
H. These keys should be used for a side-by-side comparison while interpreting the results in this table.  
Research Question 2 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks and syllabi expose preservice teachers to additional 




To answer this research question, the researcher utilized coding techniques while 
conducting the content analysis. During the coding process, the research documented additional 
theories as they developed within the text. Frequencies and percentages were used to display the 
results (See Table 81). Geometry content revealed two additional theories. Van Hiele’s model for 
geometric thinking was present in 5(50%) of the required textbooks and 3(15.79%) of the course 
syllabi. Repeated practice was documented within 2(20%) textbooks and within both domains. 
Growth mindset was referenced twice (20%) within the measurement content of textbooks. The 
coding of course syllabi revealed 5 additional learning theories. Four of the five theories were 
uncovered through the coding of standards that accompanied course assignments or course 
objectives which could have been applied to geometry or measurement (ambiguous). Feedback 
was referenced within 4(21.05%) syllabi, learning styles within 3(15.79%), cooperative learning 
in 2(10.53%), and Blooms Taxonomy in 1 (5.26%).  
Table 81: 
Theories of Learning, Instruction, and Motivation 
 Textbooks Syllabi 
Theory f (%) f (%) 
GEOMETRY   
Repeated Practice  2 (20%) 0 
Van Hiele Levels of Thought 5 (50.00%) 3 (15.79%) 
MEASUREMENT   
Growth Mindset 2 (20%) 0 
Repeated Practice  5 (50%) 0 
AMBIGOUS    
Blooms Taxonomy 0 1 (5.26%) 
Cooperative Learning 0 2 (10.53%) 
Feedback 0 4 (21.05%) 





 This chapter began with an outline of the study, including the purpose of the study, the 
research questions that guided this study and the data analysis that would be utilized to answer 
the research questions. This was followed by a descriptive analysis of the program composition, 
mathematics methods courses, and required textbooks included in this investigation. The 
intended curriculum (syllabi) and written curriculum (textbooks) of all required mathematics 
methods courses of all elementary education TEPs in the State University System of Florida 
were analyzed line-by-line. Construct presence was documented on the ©Scoring Rubric for the 
National Council of Teachers of Mathematics’ (2014) Mathematics Teaching Practices (MTPs) 
and the ©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) and quantified 
using the rubric rating scales. The results were analyzed using descriptive statistics, inferential 




CHAPTER FIVE:  
ADDITIONAL FINDINGS 
Introduction 
 The results that answered the research questions that guided this study were presented in 
Chapter Four. Chapter Five includes additional findings that were uncovered during the analysis. 
Where Chapter Four combined all findings from geometry and measurement to answer the 
questions, this chapter presents data analysis separately by content domain. Furthermore, in 
Chapter Three, the process for completing the conservative and generous analyses of the course 
syllabi were described. The results of the conservative analysis were used to answer the 
researcher questions and, therefore, those findings were presented in Chapter Four. Since the 
syllabi did include course objectives, student learning outcomes, and assignments that could have 
been applied to geometry or measurement (or other domains), the researcher did document those 
as a part of the generous (ambiguous) syllabi analysis. Therefore, Chapter Five includes three 
sections. The first two sections include the results of the conservative analysis that was presented 
in Chapter Four, but here they are separated by content domain. The last section in this chapter 
presents the findings of the generous syllabi analysis. All sections are organized by the research 
questions to which the data indirectly apply.  
Geometry 
 The data presented in this section represent the results from the content analysis 
pertaining to the domain of geometry. The results are presented by research question. Relative 
and absolute color comparisons were applied to mean scores, which were ordered from greatest 




Research Question 1 
To what extent, if any, is there a difference between coverage of the National Council of 
Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics Teaching Practices (MTPs) 
and Mayer’s Science of Instruction Principles (SOIPs) in the State University System (SUS) of 
Florida’s Teacher Education Programs (TEPs) mathematics methods courses?  
A paired samples t-test was utilized to analyze the difference in the overall level of MTP 
coverage within geometry content. Results indicated that MTP explanations (M = 2.31, SD = 
1.62) were documented more than MTP descriptions (M = 1.64 SD = 1.47), t(159) = 7.75. The 
difference was slightly less than moderate sized (d = 0.43) (Cohen, 1988) and statistically 
significant (p < .001). These data are displayed in Table 82. 
Table 82: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the MTPs 
Within Geometry 
Level of Coverage n Min Max ∑ M SD 
Description 
 160 0 4 262 1.64 1.47 
Explanation   160 0 4 369 2.31 1.62 
 
Table 83 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final scores 
for MTP description, MTP explanation, and total MTP coverage within the domain of geometry. 
These data include a relative and absolute color comparison of means, which were ordered from 
greatest to least. During the 2019-2020 school year, the SUS of Florida mathematics methods 
geometry curriculum described MTP3 “use and connect mathematical representations” and 
MTP8 “elicit and use evidence of student thinking” the most (M = 1.80). MTP3 had larger 
standard deviation and maximum score (SD = 1.74, Max =4) than MTP8 (SD = 1.74, Max = 3). 




was the highest of the MTPs. (M = 2.35, SD = 1.67) MTP2 was the second most explained (M = 
2.65, SD = 1.73), followed by MTP6 (M = 2.60, SD = 1.54), and MTP2 had the second highest 
score for total coverage (M = 2.18 SD = 1.65). MTP7 was documented the least (description M = 





MTP Presence Within Geometry 
    Color Comparison M   
MTP Ranking  Min Max ∑ Relative Absolute SD 
MTP Description (n = 10) 
MTP3 Use and connect mathematical representations 0 4 36 1.80 1.80 1.74 
MTP8 Elicit and use evidence of student thinking 0 3 36 1.80 1.80 1.51 
MTP5 Pose purposeful questions 0 4 35 1.75 1.75 1.52 
MTP1 Establish mathematics goals to focus learning 0 3 34 1.70 1.70 1.34 
MTP2 Implement tasks that promote reasoning and problem solving 0 3 34 1.70 1.70 1.45 
MTP4 Facilitate meaningful mathematical discourse 0 4 34 1.70 1.70 1.63 
MTP6 Build procedural fluency from conceptual understanding 0 3 30 1.50 1.50 1.54 
MTP7 Support productive struggle in learning mathematics 0 3 23 1.15 1.15 1.09 
MTP Explanation (n = 10)  
MTP3 Use and connect mathematical representations 0 4 58 2.90 2.90 1.45 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 53 2.65 2.65 1.73 
MTP6 Build procedural fluency from conceptual understanding 0 4 52 2.60 2.60 1.54 
MTP1 Establish mathematics goals to focus learning 0 4 47 2.35 2.35 1.69 
MTP8 Elicit and use evidence of student thinking 0 4 47 2.35 2.35 1.57 
MTP4 Facilitate meaningful mathematical discourse 0 4 46 2.30 2.30 1.95 
MTP5 Pose purposeful questions 0 4 37 1.85 1.85 1.57 
MTP7 Support productive struggle in learning mathematics 0 3 29 1.45 1.45 1.15 
Total MTP Coverage. (n = 20)  
MTP3 Use and connect mathematical representations 0 4 94 2.35 2.35 1.67 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 87 2.18 2.18 1.65 
MTP8 Elicit and use evidence of student thinking 0 4 83 2.08 2.08 1.54 
MTP6 Build procedural fluency from conceptual understanding 0 4 82 2.05 2.05 1.62 
MTP1 Establish mathematics goals to focus learning 0 4 81 2.03 2.03 1.54 
MTP4 Facilitate meaningful mathematical discourse 0 4 80 2.00 2.00 1.80 
MTP5 Pose purposeful questions 0 4 72 1.80 1.80 1.52 
MTP7 Support productive struggle in learning mathematics 0 3 52 1.30 1.30 1.11 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison while 





A paired samples t-test and Cohen’s d calculation were utilized to report the difference 
between SOIP description and SOIP explanation for the conservative analysis of geometry 
content. The results indicated a small, statistically significantly higher amount of SOIP 
explanations (M = 1.33, SD = 1.79) compared to SOIP descriptions (M = 0.83, SD = 1.42), 
t(239) = 7.23, p < .001, d = 0.31. Descriptive statistics for total SUS of Florida SOIP description 
and SOIP explanation within geometry are displayed in Table 84, below.  
Table 84: 
Descriptive Statistics for SUS of Florida Descriptions and Explanations of the SOIPs Within 
Geometry Content 
Level of Coverage n Min Max ∑ M SD 
Description  240 0 4 200 0.83 1.42 
Explanation  240 0 4 320 1.33 1.79 
 
Table 85 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final scores 
for SOIP description, SOIP explanation, and total SOIP coverage within geometry. These data 
include a relative and absolute color comparison of means, which were ordered from greatest to 
least. There were five SOIPs that were not described: coherence, spatial contiguity, temporal 
contiguity, expectation, and modality were not present (M = 0.00). There were three SOIPs that 
were not explained: coherence, spatial contiguity or modality (M = 0.00). SOIP descriptions were 
present for seven of the twelve SOIPs, with individual SOIP sum of scores ranging from 0 to 39 
points (maximum possible = 80 points). SOIP explanations were documented for nine of the 
twelve SOIPs with individual SOIP sums ranging from 0 to 49 points (maximum possible = 80 
points). The SOIPs with the greatest total coverage were the multimedia principle (M = 2.20, SD 
1.88), the anchoring principle (M = 1.90, SD 1.82), and the concreting principle (M = 1.83, SD 






SOIP Presence Within Geometry  
     Color Comparison M  
SOIP Ranking Min Max ∑ Relative Absolute SD 
SOIP Description (n = 20) 
SOIP9 Multimedia 0 4 39 1.95 1.95 2.01 
SOIP11 Concretizing 0 4 34 1.70 1.70 1.78 
SOIP12 Anchoring 0 4 33 1.65 1.65 1.73 
SOIP2 Signaling 0 3 30 1.50 1.50 1.54 
SOIP6 Segmenting 0 4 30 1.50 1.50 1.57 
SOIP7 Pretraining 0 3 19 0.95 0.95 1.10 
SOIP10 Personalization 0 4 15 0.75 0.75 1.33 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP Explanation (n = 20) 
SOIP9 Multimedia 0 4 49 2.45 2.45 1.76 
SOIP12 Anchoring 0 4 43 2.15 2.15 1.93 
SOIP6 Segmenting 0 4 39 1.95 1.95 1.76 
SOIP10 Personalization 0 4 39 1.95 1.95 2.01 
SOIP11 Concretizing 0 4 39 1.95 1.95 1.93 
SOIP7 Pretraining 0 4 38 1.90 1.90 1.77 
SOIP2 Signaling 0 4 37 1.85 1.85 1.93 
SOIP4 Temporal Contiguity 0 4 24 1.20 1.20 1.88 
SOIP5 Expectation 0 4 12 0.60 0.60 1.47 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 40) 
SOIP9 Multimedia 0 4 88 2.20 2.20 1.88 
SOIP12 Anchoring 0 4 76 1.90 1.90 1.82 
SOIP11 Concretizing 0 4 73 1.83 1.83 1.84 
SOIP6 Segmenting 0 4 69 1.73 1.73 1.66 
SOIP2 Signaling 0 4 67 1.68 1.68 1.73 
SOIP7 Pretraining 0 4 57 1.43 1.43 1.53 
SOIP10 Personalization 0 4 54 1.35 1.35 1.79 
SOIP4 Temporal Contiguity 0 4 24 0.60 0.60 1.45 
SOIP5 Expectation 0 4 12 0.30 0.30 1.07 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




TEPs’ descriptions of the MTPs with geometry content ranged from 23 points to 37 
points, explanations of the MTPs ranged from 27 to 54 points, and scores for total MTP coverage 
ranged from 50 to 80 points. The maximum possible score for each level of coverage was 64 
points and 128 points of total MTP coverage. These data are displayed in Table 86.  
Table 86: 
TEP MTP Coverage Within Geometry 
        Color Comparison M   
 TEP Ranking Min Max ∑ Relative Absolute  SD 
Description (n = 16) 
TEP5 0 4 37 2.31 2.31 1.35 
TEP2 0 3 36 2.25 2.25 1.00 
TEP8 0 4 26 1.63 1.63 1.71 
TEP9 0 3 25 1.56 1.56 1.46 
TEP1 0 3 23 1.44 1.44 1.50 
TEP3 0 4 23 1.44 1.44 1.55 
TEP4 0 3 23 1.44 1.44 1.50 
TEP6 0 4 23 1.44 1.44 1.55 
TEP7 0 3 23 1.44 1.44 1.50 
TEP10 0 3 23 1.44 1.44 1.50 
Explanation (n = 16) 
TEP8 2 4 54 3.38 3.38 0.62 
TEP4 0 4 50 3.13 3.13 1.02 
TEP5 0 4 42 2.63 2.63 1.31 
TEP2 0 4 38 2.38 2.38 1.45 
TEP7 0 4 35 2.19 2.19 1.72 
TEP1 0 4 34 2.13 2.13 1.82 
TEP9 0 4 34 2.13 2.13 1.75 
TEP10 0 4 28 1.75 1.75 1.88 
TEP3 0 4 27 1.69 1.69 1.78 
TEP6 0 4 27 1.69 1.69 1.78 
Total MTP Coverage (n = 32) 
TEP8 0 4 80 2.50 2.50 1.55 
TEP5 0 4 79 2.47 2.47 1.32 
TEP2 0 4 74 2.31 2.31 1.23 
TEP4 0 4 73 2.28 2.28 1.53 
TEP9 0 4 59 1.84 1.84 1.61 
TEP7 0 4 58 1.81 1.81 1.64 
TEP1 0 4 57 1.78 1.78 1.68 
TEP10 0 4 51 1.59 1.59 1.68 
TEP3 0 4 50 1.56 1.56 1.64 
TEP6 0 4 50 1.56 1.56 1.64 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




TEP descriptions of the SOIPs ranged from 18 points to 24 points, explanations of the 
SOIPs ranged from 20 to 42 points, and scores for total SOIP coverage ranged from 38 to 65 
points. The maximum possible score for each level of coverage was equal to 96 points and 192 
points of total coverage. These data are displayed in Table 87.  
Table 87: 
TEP SOIP Coverage Within Geometry 
    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 24) 
TEP2 0 4 24 1.00 1.00 1.62 
TEP6 0 4 24 1.00 1.00 1.64 
TEP8 0 4 23 0.96 0.96 1.57 
TEP3 0 4 20 0.83 0.83 1.52 
TEP7 0 4 19 0.79 0.79 1.35 
TEP1 0 4 18 0.75 0.75 1.36 
TEP4 0 4 18 0.75 0.75 1.36 
TEP5 0 3 18 0.75 0.75 1.26 
TEP9 0 4 18 0.75 0.75 1.36 
TEP10 0 4 18 0.75 0.75 1.36 
SOIP Explanations (n = 24) 
TEP8 0 4 42 1.75 1.75 1.89 
TEP4 0 4 41 1.71 1.71 1.83 
TEP1 0 4 35 1.46 1.46 1.89 
TEP9 0 4 35 1.46 1.46 1.93 
TEP10 0 4 32 1.33 1.33 1.93 
TEP7 0 4 31 1.29 1.29 1.88 
TEP3 0 4 29 1.21 1.21 1.77 
TEP6 0 4 29 1.21 1.21 1.77 
TEP2 0 4 26 1.08 1.08 1.74 
TEP5 0 3 20 0.83 0.83 1.34 
Total SOIP Coverage (n = 48) 
TEP8 0 4 65 1.35 1.35 1.77 
TEP4 0 4 59 1.23 1.23 1.67 
TEP1 0 4 53 1.10 1.10 1.67 
TEP6 0 4 53 1.10 1.10 1.69 
TEP9 0 4 53 1.10 1.10 1.69 
TEP2 0 4 50 1.04 1.04 1.66 
TEP7 0 4 50 1.04 1.04 1.64 
TEP10 0 4 50 1.04 1.04 1.68 
TEP3 0 4 49 1.02 1.02 1.64 
TEP5 0 3 38 0.79 0.79 1.29 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 





Table 88 displays the descriptive statistics for each of the CTML’s three cognitive 
categories as documented through the conservative analysis of geometry content. An ANOVA 
was utilized to compare for the results of the geometry content analysis to determine if the 
difference between SOIPs addressed within each of the three CTML cognitive categories was 
significant. The ANOVA results for geometry content indicated that the difference between the 
categories of selecting (M = 0.52, SD = 1.27), organizing (M = 1.05, SD = 1.50), and integrating 
(M = 1.82, SD = 1.84), was statistically significant, F(2, 477) = 32, p < .001. The Tukey HSD 
post hoc test indicated that the differences were small, but significant between selecting and 
organizing, (p < .01, d = 0.38). The difference in documented SOIPs within the categories of 
selecting and integrating was large (Cohen, 1988) and statistically significant (p < .01, d = 0.94), 
and the difference between SOIPs for organizing and SOIPs for integrating was slightly less than 
moderate, and statistically significant (p < .01, d = 0.46).  
Table 88: 
Descriptive Statistics for the SUS of Florida TEPs’ Coverage of the CTML’s Three Cognitive 
Categories, Geometry  
Cognitive Category n Min Max ∑ M SD 
Selecting 200 0 4 103 0.52 1.27 
Organizing 120 0 4 126 1.05 1.50 
Integrating 160 0 4 291 1.82 1.84 
 
Sums and percentages of TEPs’ coverage of the CTML’s three cognitive categories, as 
documented through the conservative content analysis, are presented in Table 89. Data were 
calculated for geometry and an absolute color comparison was applied. The maximum possible 
points for each level of coverage (description and explanations) was 40 points for the selecting 




TEPs’ scores ranged from 0% to 15% for SOIP descriptions and from 1-24% for SOIP 
explanations. A relative comparison of this data was also conducted (See Appendix I). 
Table 89: 
Absolute Comparison of the CTML’s Three Cognitive Categories Coverage, Geometry  
  SELECTING ORGANIZING INTEGRATING 
TEP 
Description Explanation Description Explanation Description Explanation 
∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP1 3(8%) 8(20%) 5(10%) 8(17%) 10(16%) 19(30%) 
TEP2 3(8%) 4(10%) 6(13%) 6(13%) 15(23%) 16(25%) 
TEP3 3(8%) 7(18%) 2(4%) 6(13%) 15(23%) 16(25%) 
TEP4 3(8%) 8(20%) 5(10%) 13(27%) 10(16%) 20(31%) 
TEP5 3(8%) 3(8%) 5(10%) 5(10%) 10(16%) 12(19%) 
TEP6 3(8%) 7(18%) 6(13%) 6(13%) 15(23%) 16(25%) 
TEP7 3(8%) 8(20%) 5(10%) 7(15%) 11(17%) 16(25%) 
TEP8 3(8%) 12(30%) 5(10%) 10(21%) 15(23%) 20(31%) 
TEP9 3(8%) 8(20%) 5(10%) 8(17%) 10(16%) 19(30%) 
TEP10 3(8%) 8(20%) 5(10%) 8(17%) 10(16%) 16(25%) 
Note. The key for the absolute comparison of CTML cognitive categories is located in Appendix H. This 
key should be used as a side-by-side comparison while interpreting the results in this table.  
Sums and percentages of TEPs’ total coverage of the CTML’s cognitive categories within 
the geometry content, as documented through the conservative content analysis, are presented in 
Table 90. The sums were generated by combining all description and explanation scores for the 
SOIPs falling within each of the cognitive categories. Percentages were calculated, and absolute 
and relative comparisons were applied. Maximum points were 80 points for the SOIPs falling 
within the CTML category for selecting, 48 points for the SOIPs falling within the CTML 
category for organizing, and 64 points for the SOIPs falling within the CTML category for 
integrating. TEPs’ total coverage of the SOIPs within each of the cognitive categories ranged 
from 8% to 55% within geometry content. The absolute and relative color comparison keys 
located in Appendix H should be used as a side-by-side comparison when one is interpreting the 





Total CTML Cognitive Category Coverage, Geometry  
 Selecting Organizing Integrating 
 TEP ∑(%) ∑(%) ∑(%) 
TEP1 11 (14%) 13 (27%) 29.00 
TEP2 7 (9%) 12 (25%) 31.00 
TEP3 10 (13%) 8 (17%) 31.00 
TEP4 11 (14%) 18 (38%) 30.00 
TEP5 6 (8%) 10 (21%) 22.00 
TEP6 10 (13%) 12 (25%) 31.00 
TEP7 11 (14%) 12 (25%) 27.00 
TEP8 15 (19%) 15 (31%) 35.00 
TEP9 11 (14%) 13 (27%) 29.00 
TEP10 11 (14%) 13 (27%) 26.00 
Note. The key for the absolute comparison of CTML cognitive categories is located in Appendix H. This 
key should be used as a side-by-side comparison while interpreting the results in this table.  
Research Question 1a 
To what extent, if any, do the State University System (SUS) of Florida undergraduate 
elementary education mathematics methods courses’ textbooks include the National Council of 
Teachers of Mathematics’ (2014) eight high-leverage Mathematics Teaching Practices (MTPs)?  
A paired samples t-test was utilized to analyze the difference in the overall level of MTP 
coverage within the geometry content of textbooks. Results indicated that within this 
conservative investigation, MTP explanations (M =3.55, SD = 0.65), were documented more 
than MTP descriptions (M = 2.95, SD = 0.47), t(79) = 10.89. The difference was large (d = 1.06) 
(Cohen, 1988) and statistically significant p < .001. These data are displayed in Table 91. 
Table 91: 
Descriptive Statistics for MTPs Presence Within Textbooks, Geometry 
Level of Coverage n Min Max ∑ M SD 
Description 80 2 4 236 2.95 0.47 
Explanation 80 2 4 284 3.55 0.65 





 Table 92 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final 
textbook scores for MTP description, MTP explanation, and total MTP coverage within the 
domain of geometry. These data include a relative and absolute color comparison of means, 
which were ordered from greatest to least. During the 2019-2020 school year, the content 
analysis results indicated that MTP3 “use and connect mathematical representations” was ranked 
the highest for MTP descriptions (M = 3.40, SD = 0.52), MTP explanations (M = 4.000, SD = 
0.00), and the highest for overall MTP coverage (M = 3.70, SD = 0.47). The least documented 
MTP was MTP7 “support productive struggle in learning mathematics,” with the lowest 
documented presence for MTP description (M = 2.10, SD = 0.32), MTP explanation (M = 2.30, 
SD = 0.48), and total MTP coverage (M = 2.20, SD = 0.41). The SUS of Florida sum of scores 
from 21 to 34 points for MTP description (maximum possible = 40 points), 23 to 40 points for 
MTP explanation (maximum possible = 40 points), and 44 to 74 points for total MTP coverage 





MTP Presence Within the Geometry Content of Textbooks  
     Color Comparison (M)  
MTP Rankings Min Max ∑ Relative Absolute SD 
MTP Descriptions (n = 10) 
MTP3 Use and connect mathematical representations 3 4 34 3.40 3.40 0.52 
MTP4 Facilitate meaningful mathematical discourse 3 4 32 3.20 3.20 0.42 
MTP5 Pose purposeful questions 3 4 31 3.10 3.10 0.32 
MTP2 Implement tasks that promote reasoning and problem solving 3 3 30 3.00 3.00 0.00 
MTP6 Build procedural fluency from conceptual understanding 3 3 30 3.00 3.00 0.00 
MTP8 Elicit and use evidence of student thinking 3 3 30 3.00 3.00 0.00 
MTP1 Establish mathematics goals to focus learning 2 3 28 2.80 2.80 0.42 
MTP7 Support productive struggle in learning mathematics 2 3 21 2.10 2.10 0.32 
MTP Explanations (n = 10) 
MTP2 Implement tasks that promote reasoning and problem solving 4 4 40 4.00 4.00 0.00 
MTP3 Use and connect mathematical representations 4 4 40 4.00 4.00 0.00 
MTP4 Facilitate meaningful mathematical discourse 4 4 40 4.00 4.00 0.00 
MTP6 Build procedural fluency from conceptual understanding 3 4 38 3.80 3.80 0.42 
MTP1 Establish mathematics goals to focus learning 3 4 37 3.70 3.70 0.48 
MTP8 Elicit and use evidence of student thinking 3 4 35 3.50 3.50 0.53 
MTP5 Pose purposeful questions 3 4 31 3.10 3.10 0.32 
MTP7 Support productive struggle in learning mathematics 2 3 23 2.30 2.30 0.48 
Total MTP Coverage (n = 20)  
MTP3 Use and connect mathematical representations 3 4 74 3.70 3.70 0.47 
MTP4 Facilitate meaningful mathematical discourse 3 4 72 3.60 3.60 0.50 
MTP2 Implement tasks that promote reasoning and problem solving 3 4 70 3.50 3.50 0.51 
MTP6 Build procedural fluency from conceptual understanding 3 4 68 3.40 3.40 0.50 
MTP8 Elicit and use evidence of student thinking 3 4 65 3.25 3.25 0.44 
MTP1 Establish mathematics goals to focus learning 2 4 65 3.25 3.25 0.64 
MTP5 Pose purposeful questions 3 4 62 3.10 3.10 0.31 
MTP7 Support productive struggle in learning mathematics 2 3 44 2.20 2.20 0.41 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison 




Descriptive statistics of teacher education programs’ MTP coverage within the geometry 
content of their required textbooks is presented in Table 93. During the 2019-2020 school year, 
TEP descriptions of the MTPs with geometry content of their textbooks ranged from 23 points to 
26 points (M =2.88 to 3.25), TEP explanations of the MTPs ranged from 27 to 30 points (M = 
3.38 to 3.75) and TEP scores for total MTP coverage with the domain of geometry ranged from 
50 to 56 points (M = 3.13 to 3.50). The maximum possible score for each level of coverage was 
32 points for MTP description, 32 points for MTP explanation, and 64 points of total MTP 
coverage.  
Both the relative and absolute comparisons of TEP textbooks’ coverage of the MTPs 
within geometry content categorized TEP8 and TEP5 as having demonstrated good scores for 
their textbooks’ MTP descriptions, (M = 3.25). The remaining six TEPs demonstrated the same 
overall mean score for MTP description (M = 2.88), with six of the TEPs having the same 
standard deviation (SD = 0.35) and two TEPs demonstrating greater variance in their scores for 
textbook description of individual MTPs (SD = 0.64). Although the relative comparison 
categorized six TEPs as demonstrating low MTP description scores, the absolute comparison 
demonstrated that there were no TEPs with moderate or low mean textbook MTP description 
scores. The absolute comparison indicated that all TEPs’ mean textbook scores were moderately-
good or good. The absolute and relative color comparison keys located in Appendix H should be 





TEPs’ MTP Coverage Within the Geometry Content of Textbooks 
TEP Rankings 
   Color Comparison M  
Min Max ∑ Relative Absolute SD 
MTP Descriptions (n = 8) 
TEP8 3 4 26 3.25 3.25 0.46 
TEP5 2 4 26 3.25 3.25 0.71 
TEP1 2 3 23 2.88 2.88 0.35 
TEP2 2 3 23 2.88 2.88 0.35 
TEP4 2 3 23 2.88 2.88 0.35 
TEP7 2 3 23 2.88 2.88 0.35 
TEP9 2 3 23 2.88 2.88 0.35 
TEP10 2 3 23 2.88 2.88 0.35 
TEP3 2 4 23 2.88 2.88 0.64 
TEP6 2 4 23 2.88 2.88 0.64 
MTP Explanations (n = 8) 
TEP8 3 4 30 3.75 3.75 0.46 
TEP1 2 4 29 3.63 3.63 0.74 
TEP4 2 4 29 3.63 3.63 0.74 
TEP7 2 4 29 3.63 3.63 0.74 
TEP9 2 4 29 3.63 3.63 0.74 
TEP2 2 4 28 3.50 3.50 0.76 
TEP5 2 4 28 3.50 3.50 0.76 
TEP10 2 4 28 3.50 3.50 0.76 
TEP3 3 4 27 3.38 3.38 0.52 
TEP6 3 4 27 3.38 3.38 0.52 
Total Coverage of the MTPs (n = 16) 
TEP8 3 4 56 3.50 3.50 0.52 
TEP5 2 4 54 3.38 3.38 0.72 
TEP1 2 4 52 3.25 3.25 0.68 
TEP4 2 4 52 3.25 3.25 0.68 
TEP7 2 4 52 3.25 3.25 0.68 
TEP9 2 4 52 3.25 3.25 0.68 
TEP2 2 4 51 3.19 3.19 0.66 
TEP10 2 4 51 3.19 3.19 0.66 
TEP3 2 4 50 3.13 3.13 0.62 
TEP6 2 4 50 3.13 3.13 0.62 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Research Question 1b 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the National Council of Teachers of Mathematics’ 
(2014) eight high-leverage Mathematics Teaching Practices (MTPs)?  
A paired samples t-test was utilized to analyze the difference in the overall level of MTP 
coverage within the geometry content of course syllabi. Results indicated that within the 
conservative investigation, MTP explanations (M =1.06, SD = 1.31) were documented more than 
MTP descriptions (M = 0.33, SD = 0.79), t(79) = -3.96. The difference was slightly less more 
than moderate sized (d = 0.68) (Cohen, 1988) and statistically significant p < .001. These data 
are displayed in Table 94.  
Table 94: 
Descriptive Statistics for MTPs Presence Within the Geometry Content of Syllabi 
Level of Coverage n Min Max ∑ M SD 
Description 80 0 3 26 0.33 0.79 
Explanation 80 0 4 85 1.06 1.31 
Total Score 160 0 4 111 0.69 1.14 
 
Table 95 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final scores 
for MTP description, MTP explanation, and total MTP coverage within the domain of geometry. 
These data include a relative and absolute color comparison of means, which were ordered from 
greatest to least. The conservative analysis of the geometry content of course syllabi indicated 
that the most frequently described MTP was MTP1 “establish mathematics goals to focus 
learning” (M = 0.60, SD = 0.97). The most MTP explanations were documented for MTP3 “use 




documented overall (M = =1.00, SD = 1.30). The least described of the MTPs was MTP6 “build 
procedural fluency from conceptual understanding,” (M = 0.00, SD = 0.00), which was not 
described within the geometry content of syllabi; although, it was the second most explained of 
the MTPs (M = 1.40, SD  = 1.27). With the same mean score (M = 0.60), MTP4 (SD = 1.27), 
MTP5 (SD = 1.27), and MTP7(SD = 0.97), were the least explained. Mean scores for overall 
coverage of the MTPs were 1 point or less for all MTPs.  
Based on the ©Scoring Rubric for the National Council of Teachers of Mathematics’ 
Mathematics Teaching Practices (MTPs) the maximum score that the SUS of Florida TEPs could 
have earned for the presence of a single MTP within their syllabi was 40 points for MTP 
description, 40 points for MTP explanation, and 80 points of total coverage. The results indicated 
a sum of scores ranging from 0 to 6 points for MTP description (maximum possible = 40 points), 
6 to 18 points for MTP explanation (maximum possible = 40 points), and 8 to 20 points 






MTP Presence Within the Geometry Content of Course Syllabi 
    Color Comparison M  
MTP Ranking  Min Max ∑ Relative  Absolute  SD 
MTP Description (n =10)       
MTP1 Establish mathematics goals to focus learning 0 2 6 0.60 0.60 0.97 
MTP8 Elicit and use evidence of student thinking 0 3 6 0.60 0.60 1.27 
MTP2 Implement tasks that promote reasoning and problem solving 0 2 4 0.40 0.40 0.84 
MTP5 Pose purposeful questions 0 2 4 0.40 0.40 0.84 
MTP3 Use and connect mathematical representations 0 2 2 0.20 0.20 0.63 
MTP4 Facilitate meaningful mathematical discourse 0 2 2 0.20 0.20 0.63 
MTP7 Support productive struggle in learning mathematics 0 2 2 0.20 0.20 0.63 
MTP6 Build procedural fluency from conceptual understanding 0 0 0 0.00 0.00 0.00 
MTP Explanation (n =10)       
MTP3 Use and connect mathematical representations 0 3 18 1.80 1.80 1.32 
MTP6 Build procedural fluency from conceptual understanding 0 3 14 1.40 1.40 1.27 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 13 1.30 1.30 1.49 
MTP8 Elicit and use evidence of student thinking 0 3 12 1.20 1.20 1.40 
MTP1 Establish mathematics goals to focus learning 0 3 10 1.00 1.00 1.33 
MTP4 Facilitate meaningful mathematical discourse 0 3 6 0.60 0.60 1.27 
MTP5 Pose purposeful questions 0 3 6 0.60 0.60 1.27 
MTP7 Support productive struggle in learning mathematics 0 2 6 0.60 0.60 0.97 
Total MTP Coverage (n =20)       
MTP3 Use and connect mathematical representations 0 3 20 1.00 1.00 1.30 
MTP8 Elicit and use evidence of student thinking 0 3 18 0.90 0.90 1.33 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 17 0.85 0.85 1.27 
MTP1 Establish mathematics goals to focus learning 0 3 16 0.80 0.80 1.15 
MTP6 Build procedural fluency from conceptual understanding 0 3 14 0.70 0.70 1.13 
MTP5 Pose purposeful questions 0 3 10 0.50 0.50 1.05 
MTP7 Support productive struggle in learning mathematics 0 2 8 0.40 0.45 0.85 
MTP4 Facilitate meaningful mathematical discourse 0 3 8 0.40 0.40 1.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison 




TEP descriptions of the MTPs ranged from 0 points to 13 points, explanations of the 
MTPs ranged from 0 to 24 points, and scores for total MTP coverage ranged from 0 to 25 points. 
The maximum possible score for each level of coverage was 32 points and 64 points of total 
MTP coverage. These data are displayed in Table 96, below.  
Table 96: 
TEPs’ MTP Presence Within the Geometry Content of Syllabi 
    Color Comparison M  
TEP Rankings Min Max ∑ Relative  Absolute  SD 
MTP Description (n =8)      
TEP2 0 3 13 1.63 1.63 1.06 
TEP5 0 3 11 1.38 1.38 1.19 
TEP9 0 2 2 0.25 0.25 0.71 
TEP1 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP4 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP8 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
MTP Explanation (n =8)      
TEP8 2 4 24 3.00 3.00 0.54 
TEP4 0 3 21 2.63 2.63 1.06 
TEP5 0 3 14 1.75 1.75 1.17 
TEP2 0 2 10 1.25 1.25 1.04 
TEP7 0 2 6 0.75 0.75 1.04 
TEP9 0 2 5 0.63 0.63 0.92 
TEP1 0 3 5 0.62 0.62 1.19 
TEP3 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
Total MTP Coverage (n =16)      
TEP5 0 3 25 1.56 1.56 1.15 
TEP8 0 4 24 1.50 1.50 1.59 
TEP2 0 3 23 1.44 1.44 1.03 
TEP4 0 3 21 1.31 1.31 1.54 
TEP9 0 2 7 0.44 0.44 0.81 
TEP7 0 2 6 0.37 0.37 0.81 
TEP1 0 3 5 0.31 0.31 0.87 
TEP3 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.oo 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Research Question 1c 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include Mayer’s (2008) Science of Instruction 
Principles (SOIPs)?  
Descriptive statistics and color comparisons for all SUS of Florida TEPs’ mathematics 
methods textbooks’ SOIP description, SOIP explanation, and total SOIP coverage within the 
content area of geometry are displayed in Table 97. The results of the content analysis indicated 
that the multimedia principle was the most frequently documented principle within the 
textbooks, with the highest total coverage score (M = 3.90, SD = 0.31), highest description score 
(M = 3.90, SD = 0.32), and highest explanation score (M = 3.90, SD = 0.32). The principles of 
coherence (M = .000, SD = 0.00), modality (M = .000, SD = 0.00), and spatial contiguity (M = 
.000, SD = 0.00) were not documented. Temporal contiguity was not described, but it was 
explained (M = 2.40, SD = 2.07), and the same was true for the expectation principle (M = 1.20, 
SD = 1.93). The top five ranked SOIPs for overall coverage were the multimedia principle (M = 
3.90, SD = 0.31), concretizing principle (M = 3.60, SD = 0.50), the anchoring principle (M = 
3.60, SD = 0.50), the signaling principle (M = 3.36, SD = 0.49), and the segmenting principle (M 
= 3.25, SD = 0.55).  
 Within geometry, the SUS of Florida TEPs’ SOIP scores ranged from 0 to 39 (SOIP 
description, maximum possible = 40), 0 to 39 (SOIP explanation, maximum possible = 40), and 
from 0 to 78 (total SOIP coverage, maximum possible = 80). The minimum scores for total 
coverage indicate that the principles of segmenting (2), signaling (3), anchoring (3), concretizing 





SOIP Presence Within the Geometry Content of Textbooks  
    Color Comparison M  
SOIP Rankings Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 10)      
SOIP9 Multimedia 3 4 39 3.90 3.90 0.32 
SOIP11 Concretizing 3 4 34 3.40 3.40 0.52 
SOIP12 Anchoring 3 4 33 3.30 3.30 0.48 
SOIP2 Signaling 3 3 30 3.00 3.00 0.00 
SOIP6 Segmenting 2 4 30 3.00 3.00 0.47 
SOIP7 Pretraining 0 3 19 1.90 1.90 0.74 
SOIP10 Personalization 0 4 15 1.50 1.50 1.58 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 10)      
SOIP9 Multimedia 3 4 39 3.90 3.90 0.32 
SOIP10 Personalization 3 4 39 3.90 3.90 0.32 
SOIP12 Anchoring 3 4 39 3.90 3.90 0.32 
SOIP11 Concretizing 3 4 38 3.80 3.80 0.42 
SOIP2 Signaling 3 4 37 3.70 3.70 0.48 
SOIP6 Segmenting 3 4 35 3.50 3.50 0.53 
SOIP7 Pretraining 2 4 35 3.50 3.50 0.71 
SOIP4 Temporal Contiguity 0 4 24 2.40 2.40 2.07 
SOIP5 Expectation 0 4 12 1.20 1.20 1.93 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 20)      
SOIP9 Multimedia 3 4 78 3.90 3.90 0.31 
SOIP11 Concretizing 3 4 72 3.60 3.60 0.50 
SOIP12 Anchoring 3 4 72 3.60 3.60 0.50 
SOIP2 Signaling 3 4 67 3.35 3.35 0.49 
SOIP6 Segmenting 2 4 65 3.25 3.25 0.55 
SOIP7 Pretraining 0 4 54 2.70 2.70 1.08 
SOIP10 Personalization 0 4 54 2.70 2.70 1.66 
SOIP4 Temporal Contiguity 0 4 24 1.20 1.20 1.88 
SOIP5 Expectation 0 4 12 0.60 0.60 1.47 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




A paired samples t-test and Cohen’s d calculation were utilized to report the difference 
between SOIP descriptions and SOIP explanations for the analysis of geometry content within the 
SUS of Florida’s required textbooks. The results indicated a slightly less than moderate, 
statistically significantly higher amount of SOIP explanations (M = 2.48, SD = 1.83) were present 
compared to SOIP descriptions (M = 1.67, SD = 1.62) t(119) = 6.86, d = 0.47. Descriptive 
statistics SOIP descriptions and SOIP explanations are displayed in Table 98 below.  
Table 98: 
Descriptive Statistics for SOIP Presence Within the Geometry Content of Textbooks 
Level of Coverage n Min Max ∑ M SD 
Description 120 0 4 200 1.67 1.62 
Explanation 120 0 4 298 2.48 1.83 
Total Score 240 0 4 498 2.08 1.78 
 
Descriptive statistics of teacher education programs’ SOIP coverage within the geometry 
content of textbooks is presented in Table 99. During the 2019-2020 school year, TEP 
descriptions ranged from 18 points to 24 points (M =1.50 to 2.00), TEP explanations of the 
SOIPs ranged from 20 to 36 points (M = 1.67 to 3.00) and TEP scores for total SOIP coverage 
ranged from 38 to 59 points (M = 1.58 to 2.46). The maximum possible score for each level of 
coverage was 48 points for SOIP description, 48 points for SOIP explanation, and 96 points for 
total SOIP coverage. 
Table 99: 
TEPs’ SOIP Coverage Within the Geometry Content of Textbooks 
TEP Rankings 
   Color Comparison M  
Min Max ∑ Relative Absolute SD 
SOIP Description (n = 12)      
TEP2 0 4 24 2.00 2.00 1.81 
TEP6 0 4 24 2.00 2.00 1.86 
TEP8 0 4 23 1.92 1.92 1.78 
TEP3 0 4 20 1.67 1.67 1.83 





   Color Comparison M  
Min Max ∑ Relative Absolute SD 
TEP1 0 4 18 1.50 1.50 1.62 
TEP4 0 4 18 1.50 1.50 1.62 
TEP5 0 3 18 1.50 1.50 1.45 
TEP9 0 4 18 1.50 1.50 1.62 
TEP10 0 4 18 1.50 1.50 1.62 
SOIP Explanation (n = 12)      
TEP8 0 4 36 3.00 3.00 1.81 
TEP1 0 4 32 2.67 2.67 1.97 
TEP9 0 4 32 2.67 2.67 1.97 
TEP10 0 4 32 2.67 2.67 1.97 
TEP4 0 4 31 2.58 2.58 1.93 
TEP7 0 4 31 2.58 2.58 1.93 
TEP3 0 4 29 2.42 2.42 1.83 
TEP6 0 4 29 2.42 2.42 1.83 
TEP2 0 4 26 2.17 2.17 1.95 
TEP5 0 3 20 1.67 1.67 1.50 
Total SOIP Coverage (n = 24)     
TEP8 0 4 59 2.46 2.46 1.84 
TEP6 0 4 53 2.21 2.21 1.82 
TEP1 0 4 50 2.08 2.08 1.86 
TEP2 0 4 50 2.08 2.08 1.84 
TEP7 0 4 50 2.08 2.08 1.79 
TEP9 0 4 50 2.08 2.08 1.86 
TEP10 0 4 50 2.08 2.08 1.86 
TEP3 0 4 49 2.04 2.04 1.83 
TEP4 0 4 49 2.04 2.04 1.83 
TEP5 0 3 38 1.58 1.58 1.44 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should 
be used as a side-by-side comparison while interpreting the results in this table.  
In this section, the results of the SOIPs documented during the content analysis of 
required textbooks are presented as sorted by the CTML’s three cognitive categories (i.e. 
selecting, organizing, and integrating). The SUS of Florida scores for SOIPs within each of the 
CTML’s three cognitive categories were analyzed using descriptive statistics in the form of sum 
of scores and percentage of total coverage. Absolute and relative color comparisons were applied 
to all values. An ANOVA was also utilized to determine if significant difference existed between 




ANOVA results for the geometry and content indicated that the difference between the 
categories of selecting (M = 1.03, SD = 1.64), organizing (M = 1.98, SD = 1.59), and integrating 
(M = 3.45 SD = 1.01), were statistically significant F (2, 237) = 83.19, p < .00. The Tukey HSD 
post hoc test indicated that there were larger than moderate statistically significant differences 
between the SOIPs within the CTML’s cognitive categories of selecting and organizing (p < .01, 
d = 0.66), very large statistically significant differences between SOIPs for selecting and SOIPs 
for integrating (p < .01, d = 1.78), and very large differences between SOIPs for organizing and 
SOIPs for integrating (p < .01, d = 1.10). Table 100 displays descriptive statistics in the form of 
sums and the percentage of maximum possible points earned by each TEP for each of the 
CTML’s cognitive categories. 
Table 100: 
Descriptive Statistics for the SUS of Florida TEPs’ Coverage of the CTML’s Three Cognitive 
Categories Within Required Textbooks 
Cognitive Category  n Min Max ∑ M SD 
Selecting 100 0 4 103 1.03 1.64 
Organizing 60 0 4 119 1.98 1.59 
Integrating 80 0 4 276 3.45 1.01 
 
The maximum possible points for each level of coverage (descriptions and explanations) 
was 20 points for selecting SOIPs, 12 points for organizing SOIPs, and 16 points for integrating 
SOIPs. Within the domain of geometry, all SUS of Florida TEPs’ earned 3 points (15%) for 
description of the SOIPs within the selecting category. Description scores ranged from 2 to 6 
points (17 - 50%) for the SOIPs for organizing, and from 10 to 15 points (63 – 94%) for the 
SOIPs for integrating. Explanation scores ranged from 3 to 12 points (15 – 60%) for the SOIPs 
for selecting, from 5 to 6 points (42 – 50%) for the SOIPs for organizing, and from 12 to 16 





Absolute Comparison of the CTML’s Three Cognitive Categories Coverage Within the Geometry 
Content of SUS of Florida Textbooks  
  SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
TEP ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP1 3(15%) 8(40%) 5(42%) 8(67%) 10(63%) 16(100%) 
TEP2 3(15%) 4(20%) 6(50%) 6(50%) 15(94%) 16(100%) 
TEP3 3(15%) 7(35%) 2(17%) 6(50%) 15(94%) 16(100%) 
TEP4 3(15%) 8(40%) 5(42%) 8(67%) 10(63%) 15(94%) 
TEP5 3(15%) 3(15%) 5(42%) 5(42%) 10(63%) 12(75%) 
TEP6 3(15%) 35% 6(50%) 6(50%) 15(94%) 16(100%) 
TEP7 3(15%) 8(40%) 5(42%) 7(58%) 11(69%) 16(100%) 
TEP8 3(15%) 12(60%) 5(42%) 8(67%) 15(94%) 16(100%) 
TEP9 3(15%) 8(40%) 5(42%) 8(67%) 10(63%) 16(100%) 
TEP10 3(15%) 8(40%) 5(42%) 8(67%) 10(63%) 16(100%) 
Note. The key for the absolute comparison of CTML cognitive categories is in Appendix H. This key 
should be used as a side-by-side comparison while interpreting the results in this table.  
TEP’s textbook coverage of the three CTML cognitive categories are displayed in Table 
102. TEPs could earn a maximum of 40 points for the SOIPs for selecting, 24 points for the 
SOIPs for organizing, and 32 points for the SOIPs for integrating.  
Table 102: 
SUS of Florida Textbooks’ Coverage of the CTML’s Three Cognitive Categories, Geometry 
Content 
  Absolute Comparison   Relative Comparison 
 Selecting Organizing Integrating  Selecting Organizing Integrating 
TEP ∑(%) ∑(%) ∑(%)   ∑(%) ∑(%) ∑(%) 
TEP1 11(28%) 13(54%) 26(81%)  11(28%) 13(54%) 26(81%) 
TEP2 7(18%) 12(50%) 31(97%)   7(18%) 12(50%) 31(97%) 
TEP3 10(25%) 8(33%) 31(97%)   10(25%) 8(33%) 31(97%) 
TEP4 11(28%) 12(54%) 25(78%)   11(28%) 12(54%) 25(78%) 
TEP5 6(15%) 10(42%) 22(69%)   6(15%) 10(42%) 22(69%) 
TEP6 10(25%) 12(50%) 31(97%)   10(25%) 12(50%) 31(97%) 
TEP7 11(28%) 12(50%) 27(84%)   11(28%) 12(50%) 27(84%) 
TEP8 15(38%) 13(54%) 31(97%)   15(38%) 13(54%) 31(97%) 
TEP9 11(28%) 13(54%) 26(81%)   11(28%) 13(54%) 26(81%) 
TEP10 11(28%) 13(54%) 26(81%)   11(28%) 13(54%) 26(81%) 
Note. Maximum points (selecting = 40, organizing = 24, and integrating = 32); The keys for the absolute 




Research Question 1d 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s (2008) Science of Instruction Principles 
(SOIPs)?  
Table 103 displays the results of a conservative analysis of the SUS of Florida 
mathematics methods course’ syllabi. Descriptive statistics and a paired samples t-test were 
utilized to analyze syllabi coverage of Mayer’s (2008) SOIPs within geometry. SOIP 
descriptions were not present in the syllabi (M = 0.00, SD = 0.00) and there was a slight (Cohen, 
1988) statistically significantly difference between SOIP descriptions and SOIP explanations (M 
= 0.18, SD = 0.63), t(119) = 3.163, p < .05, d = 0.40.  
Table 103: 
Descriptive Statistics for SOIP Coverage Within the Geometry Content of Syllabi 
Level of Coverage n Min Max ∑ M SD 
Description 120 0 0 0 0.00 0.00 
Explanation 120 0 3 22 0.18 0.63 
Total Score 240 0 3 22 0.09 0.46 
 
The results of the conservative analysis of the geometry content of the 2019-2020 SUS of 
Florida mathematics methods course syllabi indicated zero presence of SOIP descriptions. The 
following five SOIP explanations were documented: the multimedia principle (M = 1.00, SD = 
1.33), segmenting principle (M = 0.40, SD = 0.97), the anchoring principle (M = 0.40, SD = 
0.97), the pretraining principle (M = 0.30, SD = 0.68), and the concretizing principle (M = 0.10, 
SD = 0.32). Color comparisons of descriptive data are reported in Table 104, with means 





SOIP Presence Within the Geometry Content of Course Syllabi 
          Color Comparison M   
SOIP Rankings Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 10) 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP6 Segmenting 0 0 0 0.00 0.00 0.00 
SOIP7 Pretraining 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP9 Multimedia 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
SOIP11 Concretizing 0 0 0 0.00 0.00 0.00 
SOIP12 Anchoring 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 10) 
SOIP9 Multimedia 0 3 10 1.00 1.00 1.33 
SOIP6 Segmenting 0 3 4 0.40 0.40 0.97 
SOIP12 Anchoring 0 3 4 0.40 0.40 0.97 
SOIP7 Pretraining 0 2 3 0.30 0.30 0.68 
SOIP11 Concretizing 0 1 1 0.10 0.10 0.32 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 20) 
SOIP9 Multimedia 0 3 10 0.50 0.50 1.05 
SOIP6 Segmenting 0 3 4 0.20 0.20 0.70 
SOIP12 Anchoring 0 3 4 0.20 0.20 0.70 
SOIP7 Pretraining 0 2 3 0.15 0.15 0.49 
SOIP11 Concretizing 0 1 1 0.05 0.05 0.22 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




TEPs’ scores for explanations of the SOIPs ranged from 0 to 10 points (M = 0.00 to 0.83) 
as did score for total SOIP coverage points (M = 0.00 to 0.42). SOIPs were documented within 
the syllabi of four TEP of the ten TEPs in this investigation. Table 105 displays these descriptive 
statistics with means ordered from greatest to least and color comparisons applied.  
Table 105: 
SOIP Presence within the Geometry Content of Course Syllabi 
    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 12) 
TEP1 0 0 0 0.00 0.00 0.00 
TEP2 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP4 0 0 0 0.00 0.00 0.00 
TEP5 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP8 0 0 0 0.00 0.00 0.00 
TEP9 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 12) 
TEP4 0 3 10 0.83 0.83 1.27 
TEP8 0 3 6 0.50 0.50 0.91 
TEP1 0 2 3 0.25 0.25 0.62 
TEP9 0 3 3 0.25 0.25 0.87 
TEP2 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP5 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 24) 
TEP4 0 3 10 0.42 0.42 0.97 
TEP8 0 3 6 0.25 0.25 0.68 
TEP1 0 2 3 0.13 0.13 0.45 
TEP9 0 3 3 0.13 0.13 0.61 
TEP2 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP5 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




In this section, the researcher presents the results of documented SOIPs within the 
conservative analysis of course syllabi, presented within each of the CTML’s three cognitive 
categories (i.e. selecting, organizing, and integrating).  
Table 106 displays the descriptive statistics for each of the CTML’s three cognitive 
categories as documented through the conservative analysis of geometry content. The ANOVA 
results for geometry content indicated that the difference between the categories of selecting (M 
= 0.00, SD = 0.00), organizing (M = 0.12, SD = 0.49), and integrating (M = 0.19, SD = 0.66) 
were statistically significant, F (2, 237) = 3.95, p < .05. The Tukey HSD post hoc tests for 
geometry indicated that the differences between selecting and organizing were not significant, 
nor were the differences between organizing and integrating. However, the differences between 
selecting and integrating were less than moderate in size (d = 0.41) (Cohen, 1988), and 
statistically significant, p < .05. 
Table 106: 
Descriptive Statistics for the SUS of Florida TEPs’ Syllabi Coverage of the CTML’s Three 
Cognitive Categories, Geometry 
Cognitive Category  n Min Max ∑ M SD 
Selecting 100 0 0 0 0.00 0.00 
Organizing 60 0 3 7 0.12 0.49 
Integrating 80 0 3 15 0.19 0.66 
Measurement 
 The results presented in this section represent the results of the content analysis 
pertaining to the domain of measurement. The results are presented by research question. 
Relative and absolute color comparisons were applied to mean scores, which were ord ered from 




Research Question 1 
To what extent, if any, is there a difference between coverage of the National Council of 
Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics Teaching Practices (MTPs) 
and Mayer’s Science of Instruction Principles (SOIPs) in the State University System (SUS) of 
Florida’s Teacher Education Programs (TEPs) mathematics methods courses?  
A paired samples t-test was utilized to analyze the difference in the overall level of MTP 
coverage within measurement content. Results indicated that MTP explanations (M = 2.33, SD = 
1.61) were documented more than MTP descriptions (M = 1.48, SD = 1.31), t(159) = 8.18. The 
difference was slightly more than moderate in size (d = 0.58) (Cohen, 1988) and statistically 
significant p < .001. These data are displayed in Table 107. 
Table 107: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the MTPs 
Within Measurement 
Level of Coverage n Min Max ∑ M SD 
Description 
 160 0 4 237 1.48 1.31 
Explanation   160 0 4 373 2.33 1.61 
 
Table 108 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final scores 
for MTP description, MTP explanation, and total MTP coverage within the domain of 
measurement. These data include a relative and absolute color comparison of means, which were 
ordered from greatest to least. The results indicated a sum of scores ranging from 25 to 36 points 
(MTP description, maximum possible = 80 points), 34 to 47 points (MTP explanation, maximum 






MTP Presence with Measurement 
    Color Comparison M  
MTP Ranking  Min Max ∑ Relative Absolute SD 
MTP Description (n = 20)  
MTP3 Use and connect mathematical representations 0 4 36 1.80 1.80 1.54 
MTP4 Facilitate meaningful mathematical discourse 0 3 27 1.35 1.35 1.42 
MTP5 Pose purposeful questions 0 3 26 1.30 1.30 1.38 
MTP8 Elicit and use evidence of student thinking 0 3 32 1.60 1.60 1.35 
MTP1 Establish mathematics goals to focus learning 0 3 36 1.80 1.80 1.28 
MTP2 Implement tasks that promote reasoning and problem solving 0 3 31 1.55 1.55 1.23 
MTP6 Build procedural fluency from conceptual understanding 0 3 24 1.20 1.20 1.20 
MTP7 Support productive struggle in learning mathematics 0 3 25 1.25 1.25 1.07 
MTP Explanation (n = 20) 
MTP4 Facilitate meaningful mathematical discourse 0 4 47 2.35 2.35 1.84 
MTP1 Establish mathematics goals to focus learning 0 4 48 2.40 2.40 1.76 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 52 2.60 2.60 1.70 
MTP6 Build procedural fluency from conceptual understanding 0 4 52 2.60 2.60 1.57 
MTP5 Pose purposeful questions 0 4 37 1.85 1.85 1.57 
MTP8 Elicit and use evidence of student thinking 0 4 47 2.35 2.35 1.57 
MTP3 Use and connect mathematical representations 0 4 56 2.80 2.80 1.44 
MTP7 Support productive struggle in learning mathematics 0 4 34 1.70 1.70 1.38 
Total MTP Coverage (n = 40) 
MTP3 Use and connect mathematical representations 0 4 92 2.30 2.30 1.56 
MTP1 Establish mathematics goals to focus learning 0 4 84 2.10 2.10 1.55 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 83 2.08 2.08 1.56 
MTP8 Elicit and use evidence of student thinking 0 4 79 1.98 1.98 1.49 
MTP6 Build procedural fluency from conceptual understanding 0 4 76 1.90 1.90 1.55 
MTP4 Facilitate meaningful mathematical discourse 0 4 74 1.85 1.85 1.70 
MTP5 Pose purposeful questions 0 4 63 1.58 1.58 1.48 
MTP7 Support productive struggle in learning mathematics 0 4 59 1.48 1.48 1.24 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison while 





A paired samples t-test and Cohen’s d calculation were utilized to report the difference 
between SOIP descriptions and SOIP explanations for the conservative analysis of measurement 
content. The results indicated a small, statistically significantly higher amount of SOIP 
explanations (M = 1.11, SD = 1.66) compared to SOIP descriptions (M = 0.75, SD = 1.39), 
t(239) = 2.33, p < .05, d = 0.23. Descriptive statistics for total SUS of Florida SOIP descriptions 
and SOIP explanations are displayed in Table 109, below.  
Table 109: 
Descriptive Statistics for SUS of Florida Descriptions and Explanations of the SOIPs Within 
Measurement Content 
Level of Coverage n Min Max ∑ M SD 
Description  240 0 4 180 0.75 1.39 
Explanation   240 0 4 267 1.11 1.66 
 
Table 110 displays the descriptive analysis for SUS of Florida SOIP results within 
measurement content. There were five SOIPs that were not described and four that were not 
explained. SOIP descriptions were documented for seven of the twelve SOIPs, with sum of 
scores ranging from 0 to 34 points (maximum possible = 80 points), and the anchoring principle 
being described the most (M = 1.70, SD = 1.78). SOIP explanations were documented for eight 
of the twelve SOIPs, with sums ranging from 0 to 49 points (maximum possible = 80 points). 
The SOIPs with the greatest total coverage were the anchoring principle (M = 1.98, SD 1.85), the 
multimedia principle (M = 1.83, SD 1.78), and the concreting principle (M = 1.83, SD 1.77). 





SOIP Presence Within Measurement 
    Color Comparison M  
SOIP Ranking Min Max ∑ Relative  Absolute  SD 
SOIP description (n = 20) 
SOIP12 Anchoring 0 4 34 1.70 1.70 1.78 
SOIP6 Segmenting 0 4 33 1.65 1.65 1.79 
SOIP11 Concretizing 0 4 30 1.50 1.50 1.57 
SOIP2 Signaling 0 4 27 1.35 1.35 1.90 
SOIP9 Multimedia 0 4 24 1.20 1.20 1.58 
SOIP7 Pretraining 0 3 17 0.85 0.85 1.04 
SOIP10 Personalization 0 4 15 0.75 0.75 1.55 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP Explanation (n = 20) 
SOIP9 Multimedia 0 4 49 2.45 2.45 1.79 
SOIP12 Anchoring 0 4 45 2.25 2.25 1.92 
SOIP11 Concretizing 0 4 43 2.15 2.15 1.93 
SOIP10 Personalization 0 4 39 1.95 1.95 2.01 
SOIP2 Signaling 0 4 33 1.65 1.65 1.90 
SOIP6 Segmenting 0 4 31 1.55 1.55 1.54 
SOIP7 Pretraining 0 3 26 1.30 1.30 1.42 
SOIP1 Coherence 0 1 1 0.05 0.05 0.22 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 40) 
SOIP12 Anchoring 0 4 79 1.98 1.98 1.85 
SOIP9 Multimedia 0 4 73 1.83 1.83 1.78 
SOIP11 Concretizing 0 4 73 1.83 1.83 1.77 
SOIP6 Segmenting 0 4 64 1.60 1.60 1.65 
SOIP2 Signaling 0 4 60 1.50 1.50 1.88 
SOIP10 Personalization 0 4 54 1.35 1.35 1.87 
SOIP7 Pretraining 0 3 43 1.08 1.08 1.25 
SOIP1 Coherence 0 1 1 0.03 0.03 0.16 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




TEP total MTP coverage scores ranged from 41 to 77 points, with 128 points being the 
maximum possible. Table 111 display these data and additional description statistics.  
Table 111: 
TEP MTP Coverage Within Measurement 
        Color Comparison M   
 TEP Ranking Min Max ∑ Relative Absolute  SD 
MTP Description (n = 16) 
TEP2 0 4 33 2.06 2.06 1.00 
TEP5 0 3 31 1.94 1.94 1.06 
TEP6 0 3 28 1.75 1.75 1.06 
TEP7 0 3 23 1.44 1.44 1.50 
TEP8 0 3 23 1.44 1.44 1.50 
TEP9 0 3 23 1.44 1.44 1.36 
TEP1 0 3 21 1.31 1.31 1.40 
TEP4 0 3 21 1.31 1.31 1.40 
TEP10 0 3 21 1.31 1.31 1.40 
TEP3 0 3 13 0.81 0.81 1.17 
MTP Explanation (n = 16) 
TEP8 2 4 54 3.38 3.38 0.62 
TEP4 0 4 51 3.19 3.19 0.98 
TEP2 0 4 39 2.44 2.44 1.67 
TEP6 0 4 36 2.25 2.25 1.57 
TEP1 0 4 35 2.19 2.19 1.83 
TEP9 0 4 35 2.19 2.19 1.76 
TEP5 0 3 34 2.13 2.13 0.96 
TEP7 0 4 31 1.94 1.94 1.84 
TEP10 0 4 30 1.88 1.88 1.96 
TEP3 0 4 28 1.75 1.75 1.88 
Total MTP Coverage (n = 32) 
TEP8 0 4 77 2.41 2.41 1.50 
TEP2 0 4 72 2.25 2.25 1.37 
TEP4 0 4 72 2.25 2.25 1.52 
TEP5 0 3 65 2.03 2.03 1.00 
TEP6 0 4 64 2.00 2.00 1.34 
TEP9 0 4 58 1.81 1.81 1.60 
TEP1 0 4 56 1.75 1.75 1.67 
TEP7 0 4 54 1.69 1.69 1.67 
TEP10 0 4 51 1.59 1.59 1.70 
TEP3 0 4 41 1.28 1.28 1.61 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




TEP total SOIP coverage scores ranged from 35 to 62 points, with 192 points being the 
maximum possible. Table 112 display these data and additional description statistics.  
Table 112:  
TEP SOIP Coverage Within Measurement  
    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 24) 
TEP8 0 4 26 1.08 1.08 1.74 
TEP3 0 4 20 0.83 0.83 1.58 
TEP6 0 4 20 0.83 0.83 1.58 
TEP2 0 4 19 0.79 0.79 1.59 
TEP7 0 4 18 0.75 0.75 1.39 
TEP1 0 4 16 0.67 0.67 1.27 
TEP4 0 4 16 0.67 0.67 1.27 
TEP10 0 4 16 0.67 0.67 1.27 
TEP9 0 4 15 0.63 0.63 1.21 
TEP5 0 3 14 0.58 0.58 1.06 
SOIP Explanations (n = 24) 
TEP4 0 4 36 1.50 1.50 1.74 
TEP8 0 4 36 1.50 1.50 1.72 
TEP1 0 4 29 1.21 1.21 1.72 
TEP9 0 4 29 1.21 1.21 1.77 
TEP10 0 4 26 1.08 1.08 1.74 
TEP7 0 4 25 1.04 1.04 1.68 
TEP2 0 4 24 1.00 1.00 1.69 
TEP6 0 4 22 0.92 0.92 1.64 
TEP5 0 4 21 0.88 0.88 1.45 
TEP3 0 4 19 0.79 0.79 1.59 
Total SOIP Coverage (n = 48) 
TEP8 0 4 62 1.29 1.29 1.73 
TEP4 0 4 52 1.08 1.08 1.57 
TEP1 0 4 45 0.94 0.94 1.52 
TEP9 0 4 44 0.92 0.92 1.53 
TEP2 0 4 43 0.90 0.90 1.63 
TEP7 0 4 43 0.90 0.90 1.53 
TEP6 0 4 42 0.88 0.88 1.59 
TEP10 0 4 42 0.88 0.88 1.52 
TEP3 0 4 39 0.81 0.81 1.57 
TEP5 0 4 35 0.73 0.73 1.27 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 





An ANOVA was utilized to compare for the results of the content analysis for 
measurement content to determine if there were significant differences between coverage of 
SOIPs falling within the CTML’s three cognitive categories. The ANOVA results for the 
analysis of measurement content indicated that the difference between the categories of selecting 
(M = 0.31, SD = 1.03), organizing (M = 0.89, SD = 1.36), and integrating (M = 1.74, SD = 1.82), 
was statistically significant F(2, 477) = 46.04, p < .001. The Tukey HSD post hoc test indicated 
that the differences were small and significant between selecting and organizing, (p < .01, d = 
0.38), large and significant between selecting and integrating (p < .01, d = 1.00), and significant 
and moderate sized between organizing and integrating (p < .01, d = 0.53). These data are 
displayed in Table 113.  
Table 113: 
Descriptive Statistics for the SUS of Florida TEPs’ Coverage of the CTML’s Three Cognitive 
Categories, Measurement 
Cognitive Category n Min Max ∑ M SD 
 Selecting 200 0 4 61 0.31 1.03 
 Organizing 120 0 4 107 0.89 1.36 
 Integrating 160 0 4 279 1.74 1.82 
 
The CTML cognitive category data were calculated for measurement, and an absolute 
color comparison was applied. The maximum possible points for each level of coverage 
(description and explanations) was 40 points for the selecting SOIPs, 24 points for the 
organizing SOIPs, and 32 points for the integrating SOIPs. The SUS of Florida TEPs’ scores 
ranged from 0% to 15% for SOIP descriptions and from 1-24% for SOIP explanations. A relative 






Absolute Comparison of the CTML’s Three Cognitive Categories Coverage, Measurement  
  SELECTING ORGANIZING INTEGRATING 
TEP 
Description Explanation Description Explanation Description Explanation 
∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP1 4(10%) 4(10%) 5(10%) 6(13%) 7(11%) 19(30%) 
TEP2 0(0%) 1(3%) 4(8%) 7(15%) 15(23%) 16(25%) 
TEP3 0(0%) 3(8%) 5(10%) 0(0%) 15(23%) 16(25%) 
TEP4 4(10%) 4(10%) 5(10%) 11(23%) 7(11%) 21(33%) 
TEP5 3(8%) 3(8%) 4(8%) 4(8%) 7(11%) 14(22%) 
TEP6 0(0%) 3(8%) 5(10%) 3(6%) 15(23%) 16(25%) 
TEP7 4(10%) 4(10%) 6(13%) 6(13%) 8(13%) 15(23%) 
TEP8 4(10%) 4(10%) 7(15%) 8(17%) 15(23%) 24(38%) 
TEP9 4(10%) 4(10%) 4(8%) 6(13%) 7(11%) 19(30%) 
TEP10 4(10%) 4(10%) 5(10%) 6(13%) 7(11%) 16(25%) 
Note. The key for the absolute comparison of CTML cognitive categories is located in Appendix H. This 
key should be used as a side-by-side comparison while interpreting the results in this table.  
Sums and percentages of TEPs’ total coverage of the CTML’s cognitive categories within 
the measurement content are presented in Table 115. The sums were generated by combining all 
description and explanation scores for the SOIPs falling within each of the cognitive categories. 
Percentages were calculated, and absolute and relative comparisons were applied. Maximum 
points were 80 points for SOIPs falling within the CTML category for selecting, 48 points for 
SOIPs falling within the CTML category for organizing, and 64 points for SOIPs falling within 
the CTML category for integrating. The teacher education programs’ total coverage of the SOIPs 
within each of the CTML’s three cognitive categories ranged from 1% to 61% within the 
analyzed measurement content. A relative color comparison of this data was also conducted and 





Total CTML Cognitive Category Coverage, Measurement 
 Selecting Organizing Integrating 
 TEP ∑(%) ∑(%) ∑(%) 
TEP1 8 (10%) 11 (23%) 26 (41%) 
TEP2 1 (1%) 11 (23%) 31 (48%) 
TEP3 3 (4%) 5 (10%) 31 (48%) 
TEP4 8 (10%) 16 (33%) 28 (44%) 
TEP5 6 (8%) 8 (17%) 21 (33%) 
TEP6 3 (4%) 8 (17%) 31 (48%) 
TEP7 8 (10%) 12 (25%) 23 (36%) 
TEP8 8 (10%) 15 (31%) 39 (61%) 
TEP9 8 (10%) 10 (21%) 26 (41%) 
TEP10 8 (10%) 11 (23%) 23 (36%) 
Note. The key for the absolute comparison of CTML cognitive categories is located in Appendix H. This 
key should be used as a side-by-side comparison while interpreting the results in this table.  
Research Question 1a 
To what extent, if any, do the State University System (SUS) of Florida undergraduate 
elementary education mathematics methods courses’ textbooks include the National Council of 
Teachers of Mathematics’ (2014) eight high-leverage Mathematics Teaching Practices (MTPs)?  
To answer this research question, the researcher utilized relative and absolute color 
comparisons, along with descriptive and inferential statistics. A paired samples t-test was utilized 
to analyze the difference in the overall level of MTP coverage within the measurement content of 
required textbooks. Results indicated that MTP explanations (M = 2.95, SD = 0.79) were 
documented more than MTP descriptions (M = 3.55, SD = 10.61), t(79) = 11.12. The difference 
was large (d = 0.85) (Cohen, 1988) and statistically significant p < .001. These data are displayed 





Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the MTPs 
Within the Measurement Content of Textbooks 
Level of Coverage n Min Max ∑ M SD 
Description  80 0 4 197 2.95 0.79 
Explanation   80 2 4 287 3.55 0.61 
Total Coverage  160 2 4 484 3.03 0.90 
 
Table 117 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final 
textbook scores for MTP description, MTP explanation, and total MTP coverage within the 
domain of measurement. These data include a relative and absolute color comparison of means, 
which were ordered from greatest to least. The most frequently MTP was MTP3 “use and 
connect mathematical representations.” MTP3 was ranked the highest for MTP descriptions (M = 
3.10, SD = 0.32), MTP explanations (M = 3.90, SD = 0.32), and the highest for overall MTP 
coverage (M = 3.50, SD = 0.51). The least documented MTP was MTP7 “support productive 
struggle in learning mathematics,” with the lowest score for MTP description (M = 2.10, SD = 
0.32), MTP explanation (M = 2.80, SD = 0.63), and total MTP coverage (M = 2.45, SD = 0.60). 
The SUS of Florida sum of scores from 21 to 31 points for MTP description (maximum possible 
= 40 points), 28 to 39 points for MTP explanation (maximum possible = 40 points), and 49 to 70 





MTP Presence Within the Measurement Content of Textbooks  
     Color Comparison M  
MTP Rankings Min Max ∑ Relative Absolute SD 
MTP Descriptions (n = 10) 
MTP3 Use and connect mathematical representations 3 4 31 3.10 3.10 0.32 
MTP1 Establish mathematics goals to focus learning 2 3 28 2.80 2.80 0.42 
MTP2 Implement tasks that promote reasoning and problem solving 2 3 25 2.50 2.50 0.53 
MTP8 Elicit and use evidence of student thinking 1 3 24 2.40 2.40 0.84 
MTP4 Facilitate meaningful mathematical discourse 0 3 23 2.30 2.30 1.25 
MTP6 Build procedural fluency from conceptual understanding 2 3 23 2.30 2.30 0.48 
MTP5 Pose purposeful questions 0 3 22 2.20 2.20 1.23 
MTP7 Support productive struggle in learning mathematics 2 3 21 2.10 2.10 0.32 
MTP Explanations (n = 10) 
MTP2 Implement tasks that promote reasoning and problem solving 3 4 39 3.90 3.90 0.32 
MTP3 Use and connect mathematical representations 3 4 39 3.90 3.90 0.32 
MTP4 Facilitate meaningful mathematical discourse 3 4 39 3.90 3.90 0.32 
MTP1 Establish mathematics goals to focus learning 2 4 38 3.80 3.80 0.63 
MTP6 Build procedural fluency from conceptual understanding 2 4 38 3.80 3.80 0.63 
MTP8 Elicit and use evidence of student thinking 3 4 35 3.50 3.50 0.53 
MTP5 Pose purposeful questions 3 4 31 3.10 3.10 0.32 
MTP7 Support productive struggle in learning mathematics 2 4 28 2.80 2.80 0.63 
Total MTP Coverage (n = 20) 
MTP3 Use and connect mathematical representations 3 4 70 3.50 3.50 0.51 
MTP1 Establish mathematics goals to focus learning 2 4 66 3.30 3.30 0.73 
MTP2 Implement tasks that promote reasoning and problem solving 2 4 64 3.20 3.20 0.83 
MTP4 Facilitate meaningful mathematical discourse 0 4 62 3.10 3.10 1.21 
MTP6 Build procedural fluency from conceptual understanding 2 4 61 3.05 3.05 0.94 
MTP8 Elicit and use evidence of student thinking 1 4 59 2.95 2.95 0.89 
MTP5 Pose purposeful questions 0 4 53 2.65 2.65 0.99 
MTP7 Support productive struggle in learning mathematics 2 4 49 2.45 2.45 0.60 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side 




Descriptive statistics of teacher education programs’ MTP coverage within the 
measurement content of their required textbooks is presented in Table 118. During the 2019-
2020 school year, TEP descriptions of the MTPs with geometry content of their textbooks ranged 
from 13 points to 23 points (M =1.63 to 2.88), TEP explanations of the MTPs ranged from 21 to 
31 points (M = 2.63 to 3.88) and TEP scores for total MTP coverage with the domain of 
geometry ranged from 41 to 53 points (M = 2.56 to 3.31). The maximum possible score for each 
level of coverage was 32 points for MTP description, 32 points for MTP explanation, and 64 
points of total MTP coverage.  
For their textbooks’ descriptions of the MTPs, TEP8 and TEP7 both had the highest 
mean scores (M = 2.56, SD = 1.01), which was categorized as good coverage based on the 
relative color comparison. Based on the absolute comparison, the mean scores of six TEPs were 
moderately-good. Two TEPs were moderately low. This absolute comparison demonstrated that 
there were no TEPs with good, moderate, or low mean MTP description scores within the 
measurement content of their textbooks. However, the yellow shading within the relative 
comparison indicated moderate coverage for TEP1, TEP4, and TEP9 (M = 2.33, SD = 1.00). 
Also, in yellow, but with a greater variance in MTP scores was TEP2 (M = 2.33, SD = 1.12). 
Shaded in orange, TEP5 demonstrated relatively moderately low MTP descriptions with a mean 
score of 2.22 (SD = 0.97). With the lowest mean scores for textbook explanation of the MTPs 
within measurement content, TEP3 and TEP4 (M = 1.44, SD = 1.24) whose mean scores and 
standard deviations were identical. Both were categorized as having low relative MTP 





TEPs’ MTP Coverage Within the Measurement Content of Textbooks 
     Color Comparison M  
TEP Ranking n Min Max ∑ Relative Absolute SD 
MTP Descriptions (n = 8)  
TEP7 8 2 3 23 2.88 2.88 0.35 
TEP8 8 2 3 23 2.88 2.88 0.35 
TEP1 8 2 3 21 2.63 2.63 0.52 
TEP2 8 2 4 21 2.63 2.63 0.74 
TEP4 8 2 3 21 2.63 2.63 0.52 
TEP9 8 2 3 21 2.63 2.63 0.52 
TEP10 8 2 3 21 2.63 2.63 0.52 
TEP5 8 2 3 20 2.50 2.50 0.53 
TEP3 8 0 3 13 1.63 1.63 1.19 
TEP6 8 0 3 13 1.63 1.63 1.19 
MTP Explanations (n = 8) 
TEP2 8 3 4 31 3.88 3.88 0.35 
TEP1 8 3 4 30 3.75 3.75 0.46 
TEP4 8 3 4 30 3.75 3.75 0.46 
TEP8 8 3 4 30 3.75 3.75 0.46 
TEP9 8 3 4 30 3.75 3.75 0.46 
TEP10 8 3 4 30 3.75 3.75 0.46 
TEP7 8 3 4 29 3.63 3.63 0.52 
TEP3 8 2 4 28 3.50 3.50 0.76 
TEP6 8 2 4 28 3.50 3.50 0.76 
TEP5 8 2 3 21 2.63 2.63 0.52 
Total MTP Coverage (n =16) 
TEP8 16 2 4 53 3.31 3.31 0.60 
TEP2 16 2 4 52 3.25 3.25 0.86 
TEP7 16 2 4 52 3.25 3.25 0.58 
TEP1 16 2 4 51 3.19 3.19 0.75 
TEP4 16 2 4 51 3.19 3.19 0.75 
TEP9 16 2 4 51 3.19 3.19 0.75 
TEP10 16 2 4 51 3.19 3.19 0.75 
TEP3 16 0 4 41 2.56 2.56 1.36 
TEP5 16 2 3 41 2.56 2.56 0.51 
TEP6 16 0 4 41 2.56 2.56 1.36 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should 





Research Question 1b 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the National Council of Teachers of Mathematics’ 
(2014) eight high-leverage Mathematics Teaching Practices (MTPs)?  
A paired samples t-test was utilized to analyze the difference in the overall level of MTP 
coverage within the measurement content of syllabi. Results indicated that within this 
conservative investigation, MTP explanations (M = 1.08, SD = 1.16) were documented more 
than MTP descriptions (M = 0.50, SD = 0.93), t(79) = 3.34. The difference was moderate (d = 
0.52) (Cohen, 1988) and statistically significant p < .001. These data are displayed in Table 119. 
Table 119: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the MTPs 
Within the Measurement Content of Syllabi 
Level of Coverage n Min Max ∑ M SD 
Description 80 0 3 40 0.50 0.93 
Explanation 80 0 4 86 1.08 1.29 
Total Score 160 0 4 126 0.79 1.16 
 
The conservative analysis of the measurement content of course syllabi indicated that the 
most frequently described MTP was MTP1 “establish mathematics goals to focus learning” (M = 
0.80, SD = 1.03). The most MTP explanations were documented for MTP3 “use and connect 
mathematical representations” (M = 1.70, SD = 1.25), which was also the most documented 
overall (M = 1.10, SD = 1.29). The least described of the MTPs was MTP6 “build procedural 
fluency from conceptual understanding,” (M = 0.10, SD = 0.32). With the same mean score (M = 
0.60), MTP5 (SD = 1.27), and MTP7(SD = 0.97), were the least explained. Mean scores for 




The results indicated a sum of scores ranging from 1 to 8 points for MTP description 
(maximum possible = 40 points), 6 to 17 points for MTP explanation (maximum possible = 40 
points), and 10 to 22 points for total MTP coverage (maximum possible = 160 points). These 





MTP Presence Within the Measurement Content of Syllabi 
    Color Comparison M  
MTP Ranking Min Max ∑ Relative  Absolute SD 
MTP Description (n =10)       
MTP1 Establish mathematics goals to focus learning 0 2 8 0.80 0.80 1.03 
MTP8 Elicit and use evidence of student thinking 0 3 8 0.80 0.80 1.32 
MTP2 Implement tasks that promote reasoning and problem solving 0 2 6 0.60 0.60 0.97 
MTP3 Use and connect mathematical representations 0 3 5 0.50 0.50 1.08 
MTP4 Facilitate meaningful mathematical discourse 0 2 4 0.40 0.40 0.84 
MTP5 Pose purposeful questions 0 2 4 0.40 0.40 0.84 
MTP7 Support productive struggle in learning mathematics 0 2 4 0.40 0.40 0.84 
MTP6 Build procedural fluency from conceptual understanding 0 1 1 0.10 0.10 0.32 
MTP Explanation (n =10)       
MTP3 Use and connect mathematical representations 0 3 17 1.70 1.70 1.25 
MTP6 Build procedural fluency from conceptual understanding 0 3 14 1.40 1.40 1.27 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 13 1.30 1.30 1.49 
MTP8 Elicit and use evidence of student thinking 0 3 12 1.20 1.20 1.40 
MTP1 Establish mathematics goals to focus learning 0 3 10 1.00 1.00 1.33 
MTP4 Facilitate meaningful mathematical discourse 0 3 8 0.80 0.80 1.32 
MTP5 Pose purposeful questions 0 3 6 0.60 0.60 1.27 
MTP7 Support productive struggle in learning mathematics 0 2 6 0.60 0.60 0.97 
Total MTP Coverage (n =20)       
MTP3 Use and connect mathematical representations 0 3 22 1.10 1.10 1.29 
MTP8 Elicit and use evidence of student thinking 0 3 20 1.00 1.00 1.34 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 19 0.95 0.95 1.28 
MTP1 Establish mathematics goals to focus learning 0 3 18 0.90 0.90 1.17 
MTP6 Build procedural fluency from conceptual understanding 0 3 15 0.75 0.75 1.12 
MTP4 Facilitate meaningful mathematical discourse 0 3 12 0.60 0.60 1.10 
MTP5 Pose purposeful questions 0 3 10 0.50 0.50 1.05 
MTP7 Support productive struggle in learning mathematics 0 2 10 0.50 0.50 0.89 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison 




TEP descriptions of the MTPs ranged from 0 to 15 points, explanations of the MTPs 
ranged from 0 to 24 points, and scores for total coverage ranged from 0 to 24 points. The 
maximum possible score for each level of coverage was 32 points and 64 points of total MTP 
coverage. These data are displayed in Table 121.  
Table 121: 
TEPs’ MTP Presence Within the Measurement Content of Syllabi 
    Color Comparison M  
TEP Ranking  Min Max ∑ Relative Absolute SD 
MTP Description (n = 8)      
TEP6 0 3 15 1.88 1.88 0.99 
TEP2 0 2 12 1.50 1.50 0.93 
TEP5 0 3 11 1.38 1.38 1.19 
TEP9 0 2 2 0.25 0.25 0.71 
TEP1 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP4 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP8 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
MTP Explanation (n = 8)      
TEP8 2 4 24 3.00 3.00 0.53 
TEP4 0 3 21 2.63 2.63 1.06 
TEP5 0 3 13 1.63 1.63 1.06 
TEP2 0 2 8 1.00 1.00 1.07 
TEP6 0 2 8 1.00 1.00 1.07 
TEP1 0 3 5 0.63 0.63 1.19 
TEP9 0 2 5 0.63 0.63 0.92 
TEP7 0 2 2 0.25 0.25 0.71 
TEP3 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
Total MTP Coverage (n = 16)   
TEP5 0 3 24 1.50 1.50 1.10 
TEP8 0 4 24 1.50 1.50 1.59 
TEP6 0 3 23 1.44 1.44 1.09 
TEP4 0 3 21 1.31 1.31 1.54 
TEP2 0 2 20 1.25 1.25 1.00 
TEP9 0 2 7 0.44 0.44 0.81 
TEP1 0 3 5 0.31 0.31 0.87 
TEP7 0 2 2 0.13 0.13 0.50 
TEP3 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should 




Research Question 1c 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include Mayer’s (2008) Science of Instruction 
Principles (SOIPs)?  
For the SUS of Florida TEPs (N = 10), a total of 120 SOIP description scores and 120 
SOIP explanation scores were documented within the measurement content of required 
textbooks. A paired samples t-test was utilized to analyze the difference in documented SOIP 
descriptions and explanations. Results indicated that SOIP explanations (M = 2.01, SD = 1.85), 
were documented more than SOIP descriptions (M = 1.50, SD = 1.66) t(119) = 4.63. The 
difference was small (d = 0.20) (Cohen, 1988) and statistically significant, p < .001. These data 
are displayed in Table 122, below.  
Table 122: 
Descriptive Statistics for SOIP Coverage Within the Measurement Content of Textbooks 
Level of Coverage n Min Max ∑ M SD 
Description 120 0 4 180 1.50 1.66 
Explanation 120 0 4 241 2.01 1.85 
Total Score 240 0 4 421 1.75 1.77 
 
Table 123 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final 
textbook scores for SOIP descriptions, SOIP explanations, and total coverage of the SOIPs 
(description and explanation) within the domain of measurement. These data include a relative 
and absolute color comparison of means, which were ordered from greatest to least. TEPs’ SOIP 
scores ranged from 0 to 34 points (SOIP description, maximum possible = 40), 0 to 40 points 
(SOIP explanation, maximum possible = 40), and from 0 to 73 points (total SOIP coverage, 





SOIP Presence Within the Measurement Content of Textbooks 
     Color Comparison M  
SOIP Rankings Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 10)      
SOIP12 Anchoring 3 4 34 3.40 3.40 0.52 
SOIP6 Segmenting 2 4 33 3.30 3.30 0.82 
SOIP11 Concretizing 2 4 30 3.00 3.00 0.47 
SOIP2 Signaling 0 4 27 2.70 2.70 1.89 
SOIP9 Multimedia 1 4 24 2.40 2.40 1.43 
SOIP7 Pretraining 0 3 17 1.70 1.70 0.82 
SOIP10 Personalization 0 4 15 1.50 1.50 1.96 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 10)     
SOIP9 Multimedia 4 4 40 4.00 4.00 0.00 
SOIP10 Personalization 3 4 39 3.90 3.90 0.32 
SOIP11 Concretizing 3 4 39 3.90 3.90 0.32 
SOIP12 Anchoring 3 4 39 3.90 3.90 0.32 
SOIP2 Signaling 0 4 33 3.30 3.30 1.25 
SOIP6 Segmenting 0 4 27 2.70 2.70 1.06 
SOIP7 Pretraining 0 3 23 2.30 2.30 1.25 
SOIP1 Coherence 0 1 1 0.10 0.10 0.32 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 20)      
SOIP12 Anchoring 3 4 73 3.65 3.65 0.49 
SOIP11 Concretizing 2 4 69 3.45 3.45 0.61 
SOIP9 Multimedia 1 4 64 3.20 3.20 1.28 
SOIP2 Signaling 0 4 60 3.00 3.00 1.59 
SOIP6 Segmenting 0 4 60 3.00 3.00 0.97 
SOIP10 Personalization 0 4 54 2.70 2.70 1.84 
SOIP7 Pretraining 0 3 40 2.00 2.00 1.08 
SOIP1 Coherence 0 1 1 0.05 0.05 0.22 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should 




TEP description scores ranged from 14 to 26 points, explanations of the SOIPs ranged 
from 19 to 26 points, and scores for total SOIP coverage ranged from 35 to 52 points. The 
maximum possible score for level of coverage was 48 points and 96 points for total coverage. 
These data are displayed in Table 124 below.  
Table 124: 
TEPs’ SOIP Coverage Within the Measurement Content of Textbooks 
    Color Comparison M   
TEP Rankings Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 12)     
TEP8 0 4 26 2.17 2.17 1.95 
TEP3 0 4 20 1.67 1.67 1.92 
TEP6 0 4 20 1.67 1.67 1.92 
TEP2 0 4 19 1.58 1.58 1.98 
TEP7 0 4 18 1.50 1.50 1.68 
TEP1 0 4 16 1.33 1.33 1.56 
TEP4 0 4 16 1.33 1.33 1.56 
TEP10 0 4 16 1.33 1.33 1.56 
TEP9 0 4 15 1.25 1.25 1.49 
TEP5 0 3 14 1.17 1.17 1.27 
SOIP Explanations (n = 12)     
TEP1 0 4 26 2.17 2.17 1.95 
TEP4 0 4 26 2.17 2.17 1.95 
TEP8 0 4 26 2.17 2.17 1.95 
TEP9 0 4 26 2.17 2.17 1.95 
TEP10 0 4 26 2.17 2.17 1.95 
TEP7 0 4 25 2.08 2.08 1.88 
TEP2 0 4 24 2.00 2.00 1.95 
TEP6 0 4 22 1.83 1.83 1.95 
TEP5 0 4 21 1.75 1.75 1.66 
TEP3 0 4 19 1.58 1.58 1.98 
Total SOIP Coverage (n = 24)    
TEP8 0 4 52 2.17 2.17 1.90 
TEP2 0 4 43 1.79 1.79 1.93 
TEP7 0 4 43 1.79 1.79 1.77 
TEP1 0 4 42 1.75 1.75 1.78 
TEP4 0 4 42 1.75 1.75 1.78 
TEP6 0 4 42 1.75 1.75 1.89 
TEP10 0 4 42 1.75 1.75 1.78 
TEP9 0 4 41 1.71 1.71 1.76 
TEP3 0 4 39 1.63 1.63 1.91 
TEP5 0 4 35 1.46 1.46 1.47 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




 Regarding the content analysis of measurement content, TEPs earned textbook 
description scores that ranged from 0% to 94% and explanation scores from 5% to 100%. Three 
TEPs earned zero points for description of the SOIPs categorized within the CTML’s cognitive 
category of selecting and scores within that category ranged from 0 to 4 points (0 – 20%). One 
TEP earned no points for documented presence of SOIPs categorized as explanations within the 
CTML’s organizing category, and the scores for other TEPs ranged from 3 to 7 points (25 – 
58%). Eight TEPs earned 100% of the possible points for their textbooks’ explanations of the 
integrating category, and description scores for integrating ranged from 7 to 15 points (44 – 
94%). These data and additional results are displayed in Table 125. A relative color comparison 
of this data was also conducted (See Appendix I). 
Table 125: 
Absolute Comparison of CTML’s Three Cognitive Categories Coverage Within the Measurement 
Content of the SUS of Florida Textbooks 
  SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
TEP ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP1 4(20%) 4(20%) 5(42%) 6(50%) 7(44%) 16(100%) 
TEP2 0(0%) 1(5%) 4(33%) 7(58%) 15(94%) 16(100%) 
TEP3 0(0%) 3(15%) 5(42%) 0(0%) 15(94%) 16(100%) 
TEP4 4(20%) 4(20%) 5(42%) 6(50%) 7(44%) 16(100%) 
TEP5 3(15%) 3(15%) 4(33%) 4(33%) 7(44%) 14(88%) 
TEP6 0(0%) 3(15%) 5(42%) 3(25%) 15(94%) 16(100%) 
TEP7 4(20%) 4(20%) 6(50%) 6(50%) 8(50%) 15(94%) 
TEP8 4(20%) 4(20%) 7(58%) 6(50%) 15(94%) 16(100%) 
TEP9 4(20%) 4(20%) 4(33%) 6(50%) 7(44%) 16(100%) 
TEP10 4(20%) 4(20%) 5(42%) 6(50%) 7(44%) 16(100%) 
Note. The key for the absolute comparison of CTML’s cognitive categories is located in Appendix H. 
This key should be used as a side-by-side comparison while interpreting the results in this table.  
 Table 126 displays the results for TEP total CTML cognitive category coverage within 
the measurement content of their textbooks. The maximum possible points that a TEP could earn 
for selecting was 40 points. TEP scores for ranged from 1 to 8 points (3 – 20%). The maximum 




to 16 points (21 – 46%). For integrating, TEP scores ranged from 21 to 31 points (66 – 97%), 
and there were 32 possible points available to be earned. These data are displayed in Table 126. 
A relative comparison was also conducted (See Appendix I).  
Table 126: 
SUS of Florida Textbooks’ Coverage of the CTML’s Three Cognitive Categories, Measurement 
Content 
  Absolute Comparison   Relative Comparison 
 Selecting Organizing Integrating  Selecting Organizing Integrating 
TEP ∑(%) ∑(%) ∑(%)   ∑(%) ∑(%) ∑(%) 
TEP1 8(20%) 11(46%) 26(72%)  8(20%) 11(46%) 26(72%) 
TEP2 1(3%) 11(46%) 31(97%)  1(3%) 11(46%) 31(97%) 
TEP3 3(8%) 5(21%) 31(97%)  3(8%) 5(21%) 31(97%) 
TEP4 8(20%) 16(46%) 28(72%)  8(20%) 16(46%) 28(72%) 
TEP5 6(15%) 8(33%) 21(66%)  6(15%) 8(33%) 21(66%) 
TEP6 3(8%) 8(33%) 31(97%)  3(8%) 8(33%) 31(97%) 
TEP7 8(20%) 12(50%) 28(72%)  8(20%) 12(50%) 28(72%) 
TEP8 8(20%) 15(54%) 31(97%)  8(20%) 15(54%) 31(97%) 
TEP9 8(20%) 10(42%) 28(72%)  8(20%) 10(42%) 28(72%) 
TEP10 8(20%) 11(46%) 28(72%)  8(20%) 11(46%) 28(72%) 
Note. Maximum points (selecting = 40, organizing = 24, and integrating = 32); The keys for the absolute 
and relative color comparisons of the CTML cognitive categories are in Appendix H.  
Research Question 1d 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s (2008) Science of Instruction Principles 
(SOIPs)?  
A paired samples t-test was utilized to analyze syllabi coverage of Mayer’s (2008) SOIPs 
within the measurement content of the syllabi. Within the conservative syllabi analysis, SOIP 
explanations (M = 0.22, SD = 0.70) were documented slightly (Cohen, 1988), and statistically 
significantly, more than SOIP descriptions (M = 0.00), t(119) = 3.39, p < .001, d = 0.44. These 





Descriptive Statistics for SOIP Coverage Within the Measurement Content of Syllabi 
Level of Coverage n Min Max ∑ M SD 
Description 120 0 0 0 0.00 0.00 
Explanation 120 0 3 26 0.22 0.70 
Total Score 240 0 3 26 0.11 0.51 
 
The results of the measurement content analysis of the 2019-2020 SUS of Florida 
mathematics methods course syllabi indicated zero presence of SOIP descriptions. The following 
five SOIP explanations were documented: the multimedia principle (M = 0.90, SD = 1.20), the 
anchoring principle (M = 0.60, SD = 1.27), the segmenting principle (M = 0.40, SD = 0.97), the 
concretizing principle (M = 0.40, SD = 0.97), and the pretraining principle (M = 0.30, SD = 
0.68). Descriptive data are reported with means organized from greatest to least in Table 128.  
Table 128: 
SOIP Presence Within the Measurement Content of Course Syllabi 
          Color Comparison M   
SOIP Ranking Min Max ∑ Relative  Absolute  SD 
SOIP Descriptions (n = 10)      
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP6 Segmenting 0 0 0 0.00 0.00 0.00 
SOIP7 Pretraining 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP9 Multimedia 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
SOIP11 Concretizing 0 0 0 0.00 0.00 0.00 
SOIP12 Anchoring 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 10)        
SOIP9 Multimedia 0 3 9 0.90 0.90 1.20 
SOIP12 Anchoring 0 3 6 0.60 0.60 1.27 
SOIP6 Segmenting 0 3 4 0.40 0.40 0.97 
SOIP11 Concretizing 0 3 4 0.40 0.40 0.97 
SOIP7 Pretraining 0 2 3 0.30 0.30 0.68 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 




          Color Comparison M   
SOIP Ranking Min Max ∑ Relative  Absolute  SD 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 20)        
SOIP9 Multimedia 0 3 9 0.45 0.45 0.95 
SOIP12 Anchoring 0 3 6 0.30 0.30 0.92 
SOIP6 Segmenting 0 3 4 0.20 0.20 0.70 
SOIP11 Concretizing 0 3 4 0.20 0.20 0.70 
SOIP7 Pretraining 0 2 3 0.15 0.15 0.49 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table.  
During the 2019-2020 school year, results of the conservative content analysis of 
measurement content within the mathematics methods (MAE) course syllabi indicated that there 
were no documented SOIP descriptions. TEPs’ scores for explanations of the SOIPs ranged from 
0 points to 10 points (M = 0.00 to 0.83), and the scores for total SOIP coverage also ranged from 
0 points to 10 points (M = 0.00 to 0.42). SOIPs were documented within the syllabi of four TEPs 
out of the ten programs included in this investigation. Table 129 displays these descriptive 
statistics with means ordered from greatest to least and color comparisons applied.  
Table 129: 
SOIP Presence within the Geometry Content of Course Syllabi 
    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 12) 
TEP1 0 0 0 0.00 0.00 0.00 
TEP2 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP4 0 0 0 0.00 0.00 0.00 
TEP5 0 0 0 0.00 0.00 0.00 




    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
TEP7 0 0 0 0.00 0.00 0.00 
TEP8 0 0 0 0.00 0.00 0.00 
TEP9 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 12) 
TEP4 0 3 10 0.83 0.83 1.27 
TEP8 0 3 10 0.83 0.83 1.19 
TEP1 0 2 3 0.25 0.25 0.62 
TEP9 0 3 3 0.25 0.25 0.87 
TEP2 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP5 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 24) 
TEP4 0 3 10 0.42 0.42 0.97 
TEP8 0 3 10 0.42 0.42 0.93 
TEP1 0 2 3 0.13 0.13 0.45 
TEP9 0 3 3 0.13 0.13 0.61 
TEP2 0 0 0 0.00 0.00 0.00 
TEP3 0 0 0 0.00 0.00 0.00 
TEP5 0 0 0 0.00 0.00 0.00 
TEP6 0 0 0 0.00 0.00 0.00 
TEP7 0 0 0 0.00 0.00 0.00 
TEP10 0 0 0 0.00 0.00 0.00 
 
In this section, the researcher presents the results of documented SOIPs within the course 
syllabi, presented within each of the three cognitive categories (i.e. selecting, organizing, and 
integrating) suggested by Mayer’s (2009) Cognitive Theory of Multimedia Learning (CTML). 
The SUS of Florida scores for each of the CTML’s three cognitive categories were analyzed 
using descriptive statistics with relative and absolute color comparisons. Also, an independent 
samples one-way ANOVA was conducted to determine if there were significant differences 
between documented SOIPs within each of the three categories.  
The ANOVA results for measurement content indicated that the difference between the 




(M = 0.19, SD = 0.66), were statistically significant, F (2, 237) = 5.07, p < .01. The Tukey HSD 
post hoc tests for measurement indicated that the differences between selecting and organizing 
were not significant, nor were the difference between organizing and integrating. However, the 
differences between selecting and integrating were slightly less than moderate in size (d = 0.41) 
(Cohen, 1988) and statistically significant, p < .05. These data are displayed in Table 130.  
Table 130: 
Descriptive Statistics for the SUS of Florida TEPs’ Syllabi Coverage of the CTML’s Three 
Cognitive Categories, Measurement  
Cognitive Category  N Min Max ∑ M SD 
 Selecting 100 0 0 0 0.00 0.00 
 Organizing 60 0 3 7 0.12 0.49 
 Integrating 80 0 3 15 0.19 0.66 
Results of the Generous Analysis 
This section presents the results of the generous content analysis. The generous content 
analysis included data that was documented within syllabi content that ambiguously applied to 
geometry and measurement (or other domains). The SOIP and MTP coverage scores in this 
section reflect data from a content analysis of the 10 required textbooks and 19 course syllabi for 
mathematics methods courses within the SUS of Florida’s elementary education teacher 
education programs during the 2019-2020 school year. The researcher utilized final TEP scores 
from the final MTP and final SOIP rubrics, which combined all documented teacher actions 
(TAs) and student actions (SAs) or teacher actions (TAs) and teacher understandings (TUs) into 
a single form for geometry and a single form for measurement, for each TEP. These final scores 
were analyzed to determine minimum scores, maximum scores, sum of scores, means and 
standard deviations for each construct (SOIPs and MTPs) as well as for each of the TEPs’ overall 




Research Question 1 
To what extent, if any, is there a difference between coverage of the National Council of 
Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics Teaching Practices (MTPs) 
and Mayer’s Science of Instruction Principles (SOIPs) in the State University System (SUS) of 
Florida’s Teacher Education Programs (TEPs) mathematics methods courses?  
Mathematics Teaching Practices  
This section reports the MTP results from the generous analysis of syllabi and textbooks. 
For the SUS of Florida as a whole, a total of 320 description scores and 320 explanation scores 
were documented within the geometry and measurement content of required textbooks and 
course syllabi. A paired samples t-test was utilized to analyze the difference in the overall level 
of MTP coverage. Results indicated that MTP explanations (M = 2.87, SD = 1.11) were 
documented more than MTP descriptions (M = 2.30, SD = 1.03), t(159) = 6.18. The difference 
was slightly less than moderate in size (d = 0.39) (Cohen, 1988), and it was statistically 
significant p < .001. These data are presented in Table 131 below.  
Table 131: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the MTPs 
Within Geometry and Measurement, Results of the Generous Analysis 
Level of Coverage N Min Max ∑ M SD 
Description  320 0 4 737 2.30 1.03 
Explanation   320 0 4 917 2.87 1.11 
  
Table 132 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final scores 
for MTP description, MTP explanation, and total MTP coverage within the domains of geometry 
and measurement. These data include a relative and absolute color comparison of means, which 




During the 2019-2020 school year, MTP3 was the most described (M = 2.83, SD = 0.78), 
second most explained (M = 3.30, SD = 0.69), and had the highest score for total coverage (M = 
3.05, SD = 0.83) of all the MTPs. The second and third most documented MTPs for total 
coverage were MTP1(M = 2.98, SD = 0.67) and MTP2 (M = 2.84, SD = 1.02). MTP7 was the 
least described (M = 1.70, SD = 0.91), least explained (M = 2.03, SD = 1.01), and had the lowest 
score for total MTP coverage (M = 1.86, SD = 0.96). 
Based on the ©Scoring Rubric for the National Council of Teachers of Mathematics’ 
Mathematics Teaching Practices (MTPs) the maximum score that the SUS of Florida TEPs could 
have earned for the presence of a single MTP within the required textbooks and course syllabi 
was 160 points for MTP description, 160 points for MTP explanation, and 320 points of total 
coverage. The results indicated a sum of scores ranging from 68 to 113 points for MTP 







MTP Presence Within Geometry and Measurement, Generous Analysis 
    Color Comparison M  
MTP Ranking Min Max ∑ Relative Absolute SD 
MTP Description (n = 40)  
MTP3 Use and connect mathematical representations 0 4 113 2.83 2.83 0.78 
MTP1 Establish mathematics goals to focus learning 2 3 106 2.65 2.65 0.48 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 98 2.45 2.45 0.85 
MTP8 Elicit and use evidence of student thinking 0 3 95 2.38 2.38 0.98 
MTP4 Facilitate meaningful mathematical discourse 0 4 89 2.23 2.23 1.23 
MTP5 Pose purposeful questions 0 4 85 2.13 2.13 1.22 
MTP6 Build procedural fluency from conceptual understanding 0 3 83 2.08 2.08 1.19 
MTP7 Support productive struggle in learning mathematics 0 3 68 1.70 1.70 0.91 
MTP Explanation (n = 40) 
MTP1 Establish mathematics goals to focus learning 2 4 132 3.30 3.30 0.69 
MTP3 Use and connect mathematical representations 1 4 131 3.28 3.28 0.82 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 129 3.23 3.23 1.05 
MTP8 Elicit and use evidence of student thinking 2 4 124 3.10 3.10 0.63 
MTP6 Build procedural fluency from conceptual understanding 0 4 113 2.83 2.83 1.34 
MTP4 Facilitate meaningful mathematical discourse 0 4 111 2.78 2.78 1.44 
MTP5 Pose purposeful questions 0 4 96 2.40 2.40 1.03 
MTP7 Support productive struggle in learning mathematics 0 4 81 2.03 2.03 1.00 
Total MTP Coverage (n = 80) 
MTP3 Use and connect mathematical representations 0 4 244 3.05 3.05 0.83 
MTP1 Establish mathematics goals to focus learning 2 4 238 2.98 2.98 0.67 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 227 2.84 2.84 1.02 
MTP8 Elicit and use evidence of student thinking 0 4 219 2.74 2.74 0.90 
MTP4 Facilitate meaningful mathematical discourse 0 4 200 2.50 2.50 1.36 
MTP6 Build procedural fluency from conceptual understanding 0 4 196 2.45 2.45 1.31 
MTP5 Pose purposeful questions 0 4 181 2.26 2.26 1.13 
MTP7 Support productive struggle in learning mathematics 0 4 149 1.86 1.86 0.96 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison while 




A paired samples t-test was utilized to analyze the difference in the overall level of MTP 
coverage within geometry content. Results indicated that within the generous investigation, MTP 
explanations (M = 2.86, SD = 1.12) were documented more than MTP descriptions (M = 2.44, 
SD = 1.02), t(159) = 6.18. The difference was small (d = 0.39) (Cohen, 1988) and statistically 
significant p < .001. These data are displayed in Table 133. 
Table 133: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the MTPs 
Within Geometry, Results of the Generous Analysis 
Level of Coverage N Min Max ∑ M SD 
Description 
 
160 0 4 390 2.44 1.02 
Explanation   160 0 4 457 2.86 1.12 
 
Descriptive statistics for MTP of documentation from the generous content analysis of 
textbooks and course syllabi within the domain of geometry are displayed in Table 134. These 
results represent the SUS of Florida’s mean scores for MTP descriptions, MTP explanations, and 
total coverage of the MTPs (description and explanation). These data include a relative and 
absolute color comparison of means, which were ordered from greatest to least 
During the 2019-2020 school year, the course syllabi and textbooks of required 
mathematics methods courses within the SUS of Florida described MTP3 “use and connect 
mathematical representations” was the most (M = 2.90, SD = 0.91). MTP3 was also the most 
explained (M = 3.35, SD = 0.75) and was the most covered overall (M = 3.13, SD = 0.85) of all 
the MTPs. The results indicated a sum of scores ranging from 34 to 58 (MTP description, 
maximum possible = 160 points), 38 to 67 (MTP explanation, maximum possible = 160 points), 





MTP Presence Within Geometry, Generous Analysis  
    Color Comparison M  
MTP Ranking Min Max ∑ Relative Absolute SD 
MTP Description (n = 20)  
MTP3 Use and connect mathematical representations 0 4 58 2.90 2.90 0.91 
MTP1 Establish mathematics goals to focus learning 2 3 53 2.65 2.65 0.49 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 52 2.60 2.60 0.82 
MTP8 Elicit and use evidence of student thinking 0 3 52 2.60 2.60 0.88 
MTP4 Facilitate meaningful mathematical discourse 0 4 49 2.45 2.45 1.19 
MTP5 Pose purposeful questions 0 4 47 2.35 2.35 1.18 
MTP6 Build procedural fluency from conceptual understanding 0 3 45 2.25 2.25 1.25 
MTP7 Support productive struggle in learning mathematics 0 3 34 1.70 1.70 0.92 
MTP Explanation (n = 20) 
MTP3 Use and connect mathematical representations 2 4 67 3.35 3.35 0.75 
MTP1 Establish mathematics goals to focus learning 2 4 66 3.30 3.30 0.66 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 65 3.25 3.25 1.07 
MTP8 Elicit and use evidence of student thinking 2 4 62 3.10 3.10 0.64 
MTP4 Facilitate meaningful mathematical discourse 0 4 56 2.80 2.80 1.47 
MTP6 Build procedural fluency from conceptual understanding 0 4 55 2.75 2.75 1.41 
MTP5 Pose purposeful questions 0 4 48 2.40 2.40 1.05 
MTP7 Support productive struggle in learning mathematics 0 3 38 1.90 1.90 0.91 
Total MTP Coverage (n = 40) 
MTP3 Use and connect mathematical representations 0 4 125 3.13 3.13 0.85 
MTP1 Establish mathematics goals to focus learning 2 4 119 2.98 2.98 0.66 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 117 2.93 2.93 1.00 
MTP8 Elicit and use evidence of student thinking 0 4 114 2.85 2.85 0.80 
MTP4 Facilitate meaningful mathematical discourse 0 4 105 2.63 2.63 1.33 
MTP6 Build procedural fluency from conceptual understanding 0 4 100 2.50 2.50 1.34 
MTP5 Pose purposeful questions 0 4 95 2.38 2.38 1.10 
MTP7 Support productive struggle in learning mathematics 0 3 72 1.80 1.80 0.91 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison 




A paired samples t-test was utilized to analyze the difference in the overall level of MTP 
coverage within measurement content. Results indicated that within this generous investigation, 
MTP coverage. Results indicated that MTP explanations (M = 2.88, SD = 1.10) were 
documented more than MTP descriptions (M = 2.17, SD = 1.02), t(159) = 7.90. The difference 
was slightly more than moderate sized (d = 0.66) (Cohen, 1988), and the difference was 
statistically significant p < .001. These data are displayed in Table 135.  
Table 135: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the MTPs 
Within Measurement, Results of the Generous Analysis 
Level of Coverage N Min Max ∑ M SD 
Description 
 160 0 4 347 2.17 1.02 
Explanation   160 0 4 460 2.88 1.10 
 
Descriptive statistics for MTP of documentation from the generous content analysis of 
textbooks and course syllabi within the domain of measurement are displayed in Table 136. 
These results were presented the SUS of Florida’s mean scores for MTP descriptions, MTP 
explanations, and total coverage of the MTPs (description and explanation). These data include a 
relative and absolute color comparison of means, which were ordered from greatest to least. 
MTP1 “establish mathematics goals to focus learning” was the most documented overall 
(M = 2.98, SD = 0.70) and the most explained (M = 3.30, SD = 0.73). The least documented 
MTP was MTP7 “support productive struggle in learning mathematics,” with the lowest 
documented presence for MTP description (M = 1.93, SD = 1.02). The results indicated a sum of 
scores ranging from 34 to 55 points for MTP description (maximum possible = 80 points), from 
43 to 66 points for MTP explanation (maximum possible = 80 points), and from 77 to 119 for 





MTP Presence Within Measurement, Generous Analysis  
    Color Comparison M  
MTP Ranking Min Max ∑ Relative Absolute SD 
MTP Description (n = 20)  
MTP3 Use and connect mathematical representations 1 4 55 2.75 2.75 0.64 
MTP1 Establish mathematics goals to focus learning 2 3 53 2.65 2.65 0.49 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 46 2.30 2.30 0.86 
MTP8 Elicit and use evidence of student thinking 0 3 43 2.15 2.15 1.04 
MTP4 Facilitate meaningful mathematical discourse 0 3 40 2.00 2.00 1.26 
MTP5 Pose purposeful questions 0 3 38 1.90 1.90 1.25 
MTP6 Build procedural fluency from conceptual understanding 0 3 38 1.90 1.90 1.12 
MTP7 Support productive struggle in learning mathematics 0 3 34 1.70 1.70 0.92 
MTP Explanation (n = 20) 
MTP1 Establish mathematics goals to focus learning 2 4 66 3.30 3.30 0.73 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 64 3.20 3.20 1.06 
MTP3 Use and connect mathematical representations 1 4 64 3.20 3.20 0.89 
MTP8 Elicit and use evidence of student thinking 2 4 62 3.10 3.10 0.64 
MTP6 Build procedural fluency from conceptual understanding 0 4 58 2.90 2.90 1.29 
MTP4 Facilitate meaningful mathematical discourse 0 4 55 2.75 2.75 1.45 
MTP5 Pose purposeful questions 0 4 48 2.40 2.40 1.05 
MTP7 Support productive struggle in learning mathematics 0 4 43 2.15 2.15 1.09 
Total MTP Coverage (n = 80) 
MTP1 Establish mathematics goals to focus learning 2 4 119 2.98 2.98 0.70 
MTP3 Use and connect mathematical representations 1 4 119 2.98 2.98 0.80 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 110 2.75 2.75 1.06 
MTP8 Elicit and use evidence of student thinking 0 4 105 2.63 2.63 0.98 
MTP6 Build procedural fluency from conceptual understanding 0 4 96 2.40 2.40 1.30 
MTP4 Facilitate meaningful mathematical discourse 0 4 95 2.38 2.38 1.39 
MTP5 Pose purposeful questions 0 4 86 2.15 2.15 1.17 
MTP7 Support productive struggle in learning mathematics 0 4 77 1.93 1.93 1.02 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison while 




Science of Instruction Principles  
For the SUS of Florida as a whole, a total of 480 SOIP description and 480 explanation 
scores were documented for SOIPs within the geometry and measurement content of required 
textbooks and course syllabi. A paired samples t-test was utilized to analyze the difference in the 
overall level of SOIP coverage from the generous content analysis. Results indicated that within 
the geometry and measurement content of all written materials analyzed in this investigation, 
SOIP explanations (M = 1.44, SD = 1.71) were documented more than SOIP descriptions (M = 
0.97, SD = 1.43), t(479) = 9.45. The difference was small (d = 0.30) (Cohen, 1988) and 
statistically significant p < .001. These data are displayed in Table 137 below.  
Table 137: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the SOIPs 
Within Geometry and Measurement, Results of the Generous Analysis 
Level of Coverage n Min Max ∑ M SD 
Description 
 480 0 4 466 0.97 1.43 
Explanation   480 0 4 691 1.44 1.71 
 
Descriptive statistics for SOIP documentation within the domains of geometry and 
measurement are displayed in Table 138. This table presents the SUS of Florida’s mean scores 
for SOIP descriptions, SOIP explanations, and total coverage of the SOIPs. The relative and 
absolute color comparison of means were ordered from greatest to least. During the 2019-2020 
school year, the anchoring principle (SOIP12) was the most explained (M = 2.93, SD = 1.40), 
most described (M = 2.45, SD = 1.40), and was the most documented SOIP overall (M = 2.69, 
SD = 1.41). The results indicated a sum of scores ranging from 0 to 98 points for SOIP 
description (maximum possible = 160 points), from 0 to 117 points for SOIP explanation 





SOIP Presence Within Geometry and Measurement, Generous Analysis  
     Color Comparison M  
SOIP Ranking Min Max ∑ Relative  Absolute  SD 
SOIP Descriptions (n = 40) 
SOIP12 Anchoring 0 4 98 2.45 2.45 1.40 
SOIP11 Concretizing 0 4 88 2.20 2.20 1.30 
SOIP9 Multimedia 0 4 82 2.05 2.05 1.54 
SOIP6 Segmenting 0 4 69 1.73 1.73 1.55 
SOIP2 Signaling 0 4 57 1.43 1.43 1.71 
SOIP7 Pretraining 0 3 42 1.05 1.05 1.04 
SOIP10 Personalization 0 4 30 0.75 0.75 1.43 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 40) 
SOIP12 Anchoring 0 4 117 2.93 2.93 1.40 
SOIP9 Multimedia 0 4 113 2.83 2.83 1.39 
SOIP11 Concretizing 0 4 106 2.65 2.65 1.53 
SOIP6 Segmenting 0 4 82 2.05 2.05 1.43 
SOIP2 Signaling 0 4 80 2.00 2.00 1.81 
SOIP10 Personalization 0 4 78 1.95 1.95 1.99 
SOIP7 Pretraining 0 4 76 1.90 1.90 1.43 
SOIP4 Temporal Contiguity 0 4 24 0.60 0.60 1.45 
SOIP5 Expectation 0 4 12 0.30 0.30 1.07 
SOIP8 Modality 0 1 2 0.05 0.05 0.22 
SOIP1 Coherence 0 1 1 0.03 0.03 0.16 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 80) 
SOIP12 Anchoring 0 4 215 2.69 2.69 1.41 
SOIP9 Multimedia 0 4 195 2.44 2.44 1.51 
SOIP11 Concretizing 0 4 194 2.43 2.43 1.43 
SOIP6 Segmenting 0 4 151 1.89 1.89 1.49 
SOIP2 Signaling 0 4 137 1.71 1.71 1.77 
SOIP7 Pretraining 0 4 118 1.48 1.48 1.31 
SOIP10 Personalization 0 4 108 1.35 1.35 1.82 
SOIP4 Temporal Contiguity 0 4 24 0.30 0.30 1.06 
SOIP5 Expectation 0 4 12 0.15 0.15 0.76 
SOIP8 Modality 0 1 2 0.03 0.03 0.16 
SOIP1 Coherence 0 1 1 0.01 0.01 0.11 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should 




Descriptive statistics from the generous analysis of the SUS of Florida TEPs’ (N = 10) 
mathematics methods textbooks and course syllabi’s levels of coverage of Mayer’s (2008) 
Science of Instruction Principles within geometry are displayed in Table 139. A paired samples 
t-test was utilized to analyze the difference in the overall level of SOIP coverage. Results 
indicated that SOIP explanations (M = 1.56, SD = 1.76) were documented more than SOIP 
descriptions (M = 1.03, SD = 1.44), t(239) = 7.39. The difference was small (d = 0.33) (Cohen, 
1988) and statistically significant p < .001. 
Table 139: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the SOIPs 
Within Geometry, Results of the Generous Analysis 
Level of Coverage n Min Max ∑ M SD 
Description 
 240 0 4 246 1.03 1.44 
Explanation   240 0 4 375 1.56 1.76 
 
Descriptive statistics for SOIP documentation from the generous content analysis of 
textbooks and course syllabi within the domain of geometry are displayed in Table 140. This 
table presents the SUS of Florida’s mean scores for SOIP descriptions, SOIP explanations, and 
total coverage of the SOIPs (description and explanation). These data include a relative and 
absolute color comparison of means, which were ordered from greatest to least. During the 2019-
2020 school year, the anchoring principle (SOIP12) was the most explained (M = 2.90, SD = 
1.45), most described (M = 2.50, SD = 1.57), and was the most documented SOIP overall (M = 
2.68, SD = 1.42). The results indicated a sum of scores ranging from 0 to 50 points for SOIP 
description (maximum possible = 80 points), from 0 to 58 points for SOIP explanation 
(maximum possible = 80 points), and from 0 to 107 points for total SOIP coverage (maximum 





SOIP Presence Within Geometry, Generous Analysis 
     Color Comparison M  
SOIP Ranking Min Max ∑ Relative  Absolute  SD 
SOIP Description (n = 20) 
SOIP9 Multimedia 0 4 50 2.50 2.50 1.57 
SOIP12 Anchoring 0 4 49 2.45 2.45 1.39 
SOIP11 Concretizing 0 4 47 2.35 2.35 1.35 
SOIP6 Segmenting 0 4 33 1.65 1.65 1.46 
SOIP2 Signaling 0 3 30 1.50 1.50 1.54 
SOIP7 Pretraining 0 3 22 1.10 1.10 1.07 
SOIP10 Personalization 0 4 15 0.75 0.75 1.33 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP Explanation (n = 20) 
SOIP12 Anchoring 0 4 58 2.90 2.90 1.45 
SOIP9 Multimedia 0 4 56 2.80 2.80 1.40 
SOIP11 Concretizing 0 4 54 2.70 2.70 1.45 
SOIP6 Segmenting 0 4 45 2.25 2.25 1.52 
SOIP7 Pretraining 0 4 44 2.20 2.20 1.54 
SOIP2 Signaling 0 4 42 2.10 2.10 1.83 
SOIP10 Personalization 0 4 39 1.95 1.95 2.01 
SOIP4 Temporal Contiguity 0 4 24 1.20 1.20 1.88 
SOIP5 Expectation 0 4 12 0.60 0.60 1.47 
SOIP8 Modality 0 1 1 0.05 0.05 0.22 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 40) 
SOIP12 Anchoring 0 4 107 2.68 2.68 1.42 
SOIP9 Multimedia 0 4 106 2.65 2.65 1.48 
SOIP11 Concretizing 0 4 101 2.53 2.53 1.40 
SOIP6 Segmenting 0 4 78 1.95 1.95 1.50 
SOIP2 Signaling 0 4 72 1.80 1.80 1.70 
SOIP7 Pretraining 0 4 66 1.65 1.65 1.42 
SOIP10 Personalization 0 4 54 1.35 1.35 1.79 
SOIP4 Temporal Contiguity 0 4 24 0.60 0.60 1.45 
SOIP5 Expectation 0 4 12 0.30 0.30 1.07 
SOIP8 Modality 0 1 1 0.03 0.03 0.16 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 





Descriptive statistics from the generous analysis of the SUS of Florida TEPs’ (N = 10) 
mathematics methods textbooks and course syllabi’s levels of coverage of Mayer’s (2008) 
Science of Instruction Principles within measurement are displayed in Table 141. A paired 
samples t-test was utilized to analyze the difference in the overall level of SOIP coverage. 
Results indicated that SOIP explanations (M = 1.32, SD = 1.66) were documented more than 
SOIP descriptions (M = 0.92, SD = 1.42), t(239) = 5.95. The difference was small (d = 0.26) 
(Cohen, 1988) and statistically significant, p < .001. 
Table 141: 
Descriptive Statistics for the SUS of Florida TEPs’ Descriptions and Explanations of the SOIPs 
Within Measurement, Results of the Generous Analysis 
Level of Coverage n Min Max ∑ M SD 
Description  240 0 4 220 0.92 1.42 
Explanation   240 0 4 316 1.32 1.66 
 
Descriptive statistics for SOIP documentation from the generous content analysis of 
textbooks and course syllabi within measurement content are displayed in Table 142. This table 
presents the SUS of Florida’s mean scores for SOIP descriptions, SOIP explanations, and total 
coverage of the SOIPs (description and explanation). These data include a relative and absolute 
color comparison of means, which were ordered from greatest to least. During the 2019-2020 
school year, the anchoring principle (SOIP12) was the most explained (M = 2.95, SD = 1.39), 
most described (M = 2.45, SD = 1.43), and was the most documented SOIP overall (M = 2.70, 
SD = 1.42). The results indicated a sum of scores ranging from 0 to 49 points for SOIP 
description (maximum possible = 80 points), from 0 to 59 points for SOIP explanation 
(maximum possible = 80 points), and from 0 to 108 points for total SOIP coverage (maximum 





SOIP Presence Within Measurement, Generous Analysis  
     Color Comparison M  
SOIP Ranking Min Max ∑ Relative  Absolute  SD 
SOIP Description (n = 20) 
SOIP12 Anchoring 0 4 49 2.45 2.45 1.43 
SOIP11 Concretizing 0 4 41 2.05 2.05 1.28 
SOIP6 Segmenting 0 4 36 1.80 1.80 1.67 
SOIP9 Multimedia 0 4 32 1.60 1.60 1.39 
SOIP2 Signaling 0 4 27 1.35 1.35 1.90 
SOIP7 Pretraining 0 3 20 1.00 1.00 1.03 
SOIP10 Personalization 0 4 15 0.75 0.75 1.55 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP Explanation (n = 20) 
SOIP12 Anchoring 0 4 59 2.95 2.95 1.39 
SOIP9 Multimedia 0 4 57 2.85 2.85 1.42 
SOIP11 Concretizing 0 4 52 2.60 2.60 1.64 
SOIP10 Personalization 0 4 39 1.95 1.95 2.01 
SOIP2 Signaling 0 4 38 1.90 1.90 1.83 
SOIP6 Segmenting 0 4 37 1.85 1.85 1.35 
SOIP7 Pretraining 0 3 32 1.60 1.60 1.27 
SOIP1 Coherence 0 1 1 0.05 0.05 0.22 
SOIP8 Modality 0 1 1 0.05 0.05 0.22 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 40) 
SOIP12 Anchoring 0 4 108 2.70 2.70 1.42 
SOIP11 Concretizing 0 4 93 2.33 2.33 1.47 
SOIP9 Multimedia 0 4 89 2.23 2.23 1.53 
SOIP6 Segmenting 0 4 73 1.83 1.83 1.50 
SOIP2 Signaling 0 4 65 1.63 1.63 1.86 
SOIP10 Personalization 0 4 54 1.35 1.35 1.87 
SOIP7 Pretraining 0 3 52 1.30 1.30 1.18 
SOIP1 Coherence 0 1 1 0.03 0.03 0.16 
SOIP8 Modality 0 1 1 0.03 0.03 0.16 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 





Teacher Education Program Results  
The SOIP and MTP data presented in this section reflect scores from a generous content 
analysis of the required textbooks and course syllabi for mathematics methods courses within the 
for each teacher education program during the 2019-2020 school year. Descriptive statistics in 
the form of minimum scores, maximum scores, sum of scores, means and standard deviations 
were utilized to report each TEPs’ coverage of the constructs (MTPs and SOIPs). These data 
include a relative and absolute color comparison of means, which were ordered from greatest to 
least. The results were presented first for the MTPs followed by the SOIPs.  
Mathematics Teaching Practices  
Descriptive statistics of teacher education programs’ MTP coverage within geometry and 
measurement, taken from the generous analysis of the course syllabi and textbooks of teacher 
education programs (N = 10) is presented in Table 143. Results indicated that during the 2019-
2020 school year, TEP descriptions of the MTPs ranged from 52 points to 99 pts (M =1.63 to 
3.09), TEP explanations of the MTPs ranged from 82 to 98 points (M = 2.56 to 3.06) and TEP 
scores for total MTP coverage ranged from 142 to 194 points (M = 2.02 to 3.03). The maximum 
possible score for each level of coverage was 128 points for MTP description, 128 points for 
MTP explanation, and 256 points of total coverage. 
Table 143: 
TEP MTP Coverage Within Geometry and Measurement, Generous Analysis 
    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
MTP Descriptions (n = 32) 
TEP8 2 4 99 3.09 3.09 0.39 
TEP1 0 3 84 2.63 2.63 0.79 
TEP6 0 4 82 2.56 2.56 0.88 
TEP10 2 3 82 2.56 2.56 0.50 
TEP2 0 4 75 2.34 2.34 0.90 




    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
TEP5 0 4 69 2.16 2.16 1.14 
TEP7 0 3 62 1.94 1.94 1.22 
TEP9 0 3 60 1.88 1.88 1.18 
TEP3 0 4 52 1.63 1.63 1.24 
MTP Explanations (n = 32) 
TEP1 0 4 98 3.06 3.06 1.08 
TEP6 2 4 95 2.97 2.97 0.78 
TEP8 0 4 95 2.97 2.97 1.06 
TEP4 0 4 94 2.94 2.94 1.05 
TEP2 0 4 93 2.91 2.91 1.09 
TEP10 0 4 93 2.91 2.91 1.09 
TEP3 0 4 90 2.81 2.81 1.23 
TEP5 0 4 89 2.78 2.78 0.87 
TEP9 0 4 88 2.75 2.75 1.30 
TEP7 0 4 82 2.56 2.56 1.48 
Total MTP Coverage (n = 64) 
TEP8 0 4 194 3.03 3.03 0.80 
TEP1 0 4 182 2.84 2.84 0.96 
TEP6 0 4 177 2.77 2.77 0.85 
TEP10 0 4 175 2.73 2.73 0.86 
TEP2 0 4 168 2.63 2.63 1.03 
TEP4 0 4 166 2.59 2.59 1.03 
TEP5 0 4 158 2.47 2.47 1.05 
TEP9 0 4 148 2.31 2.31 1.31 
TEP7 0 4 144 2.25 2.25 1.38 
TEP3 0 4 142 2.22 2.22 1.36 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table.  
 
Descriptive statistics of teacher education programs’ MTP coverage within geometry, 
reported from the generous analysis of the intended and written curriculum of teacher education 
programs (N = 10) is presented in Table 144. Results indicated that during the 2019-2020 school 
year, TEP descriptions of the MTPs ranged from 31 points to 51 pts (M =1.94 to 3.19), TEP 
explanations of the MTPs ranged from 36 to 54 points (M = 2.25 to 3.38) and TEP scores for 
total MTP coverage ranged from 67 to 105 points (M = 2.09 to 3.28). The maximum possible 
score for each level of coverage was 64 points for MTP description, 64 points for MTP 





TEP MTP Coverage Within Geometry, Generous Analysis 
        Color Comparison M   
 TEP Ranking Min Max ∑ Relative Absolute  SD 
MTP Descriptions (n = 16) 
TEP8 3 4 51 3.19 3.19 0.40 
TEP6 2 4 46 2.88 2.88 0.50 
TEP1 0 3 43 2.69 2.69 0.79 
TEP10 2 3 42 2.63 2.63 0.50 
TEP2 0 3 39 2.44 2.44 0.89 
TEP4 0 3 37 2.31 2.31 0.95 
TEP5 0 4 37 2.31 2.31 1.35 
TEP7 0 3 33 2.06 2.06 1.18 
TEP3 0 4 31 1.94 1.94 1.29 
TEP9 0 3 31 1.94 1.94 1.24 
MTP Explanations (n = 16) 
TEP8 2 4 54 3.38 3.38 0.62 
TEP4 0 4 51 3.19 3.19 1.05 
TEP1 2 4 49 3.06 3.06 0.85 
TEP5 2 4 49 3.06 3.06 0.77 
TEP10 2 4 48 3.00 3.00 0.82 
TEP6 2 4 47 2.94 2.94 0.68 
TEP2 1 4 46 2.88 2.88 0.96 
TEP3 0 4 40 2.50 2.50 1.21 
TEP7 0 4 37 2.31 2.31 1.62 
TEP9 0 4 36 2.25 2.25 1.73 
Total MTP Coverage (n = 32) 
TEP8 2 4 105 3.28 3.28 0.52 
TEP6 2 4 93 2.91 2.91 0.59 
TEP1 0 4 92 2.88 2.88 0.83 
TEP10 2 4 90 2.81 2.81 0.69 
TEP4 0 4 88 2.75 2.75 1.08 
TEP5 0 4 86 2.69 2.69 1.15 
TEP2 0 4 85 2.66 2.66 0.94 
TEP3 0 4 71 2.22 2.22 1.26 
TEP7 0 4 70 2.19 2.19 1.40 
TEP9 0 4 67 2.09 2.09 1.49 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table.  
 
Descriptive statistics of teacher education programs’ MTP coverage within measurement, 
reported from the generous analysis of teacher education programs (N = 10) is presented in Table 




ranged from 21 to 48 pts (M = 1.31 to 3.00), TEP explanations of the MTPs ranged from 41 to 51 
points (M = 2.56 to 3.19) and TEP scores for total MTP coverage ranged from 64 to 95 points (M 
= 2.00 to 2.97). The maximum possible scores were 64 points for MTP description, 64 points for 
MTP explanation, and 128 points of total coverage. 
Table 145: 
TEP MTP Coverage Within Measurement, Generous Analysis 
    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
MTP Descriptions (n = 16) 
TEP8 2 4 48 3.00 3.00 0.37 
TEP1 0 3 41 2.56 2.56 0.81 
TEP10 2 3 40 2.50 2.50 0.52 
TEP2 0 4 36 2.25 2.25 0.93 
TEP6 0 3 36 2.25 2.25 1.06 
TEP4 0 3 35 2.19 2.19 0.91 
TEP5 0 3 32 2.00 2.00 0.89 
TEP7 0 3 29 1.81 1.81 1.28 
TEP9 0 3 29 1.81 1.81 1.17 
TEP3 0 3 21 1.31 1.31 1.14 
MTP Explanations (n = 16) 
TEP7 2 4 51 3.19 3.19 0.83 
TEP10 0 4 50 3.13 3.13 1.09 
TEP4 2 4 49 3.06 3.06 0.68 
TEP2 0 4 47 2.94 2.94 1.18 
TEP6 2 4 47 2.94 2.94 0.85 
TEP8 0 4 47 2.94 2.94 1.29 
TEP9 2 4 47 2.94 2.94 0.85 
TEP3 0 4 43 2.69 2.69 1.01 
TEP1 0 4 42 2.63 2.63 1.36 
TEP5 0 4 41 2.56 2.56 1.31 
Total MTP Coverage (n = 32) 
TEP8 0 4 95 2.97 2.97 0.93 
TEP10 0 4 90 2.81 2.81 0.90 
TEP4 0 4 84 2.63 2.63 0.91 
TEP1 0 4 83 2.59 2.59 1.10 
TEP2 0 4 83 2.59 2.59 1.10 
TEP6 0 4 83 2.59 2.59 1.01 
TEP7 0 4 80 2.50 2.50 1.27 
TEP9 0 4 76 2.38 2.38 1.16 
TEP5 0 4 73 2.28 2.28 1.14 
TEP3 0 4 64 2.00 2.00 1.27 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Science of Instruction Principles 
This section reports the TEP results for SOIP presence as scored through the generous 
content analysis of syllabi and textbooks. Based on the ©Scoring Rubric for Mayer’s Science of 
Instruction Principles (SOIPs), the maximum score that a TEP could have earned for the 
presence of all SOIPs for a single domain (geometry or measurement) was 96 points for SOIP 
description, 96 points for SOIP explanation, and 192 points of total SOIP coverage. Therefore, 
for both domains, the maximums were 192 points for SOIP description, 192 points for SOIP 
explanation, and 384 points of total SOIP coverage.  
Descriptive statistics from the generous analysis of SOIP coverage documented within 
the domains of geometry and measurement are presented in Table 146. During the 2019-2020 
school year, results of the generous content analysis of the intended and written curriculum of 
mathematics methods (MAE) courses indicated that TEPs’ scores for description of the SOIPs 
ranged from 34 points to 65 points (M =0.71 to 1.35), TEPs’ scores for explanations of the 
SOIPs ranged from 60 to 74 points (M = 1.25 to 1.54) and TEPs’ scores for total SOIP coverage 
ranged from 104 to 134 points (M = 1.08 to 1.40).  
Table 146: 
TEP SOIP Coverage Within Geometry and Measurement, Generous Analysis  
        Color Comparison M   
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 48) 
TEP8 0 4 65 1.35 1.35 1.68 
TEP6 0 4 60 1.25 1.25 1.56 
TEP2 0 4 49 1.02 1.02 1.55 
TEP7 0 4 49 1.02 1.02 1.49 
TEP3 0 4 44 0.92 0.92 1.51 
TEP10 0 4 44 0.92 0.92 1.35 
TEP4 0 4 42 0.88 0.88 1.30 
TEP9 0 4 41 0.85 0.85 1.34 
TEP1 0 4 38 0.79 0.79 1.29 




        Color Comparison M   
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Explanations (n = 48) 
TEP5 0 4 74 1.54 1.54 1.74 
TEP9 0 4 74 1.54 1.54 1.82 
TEP1 0 4 72 1.50 1.50 1.71 
TEP6 0 4 71 1.48 1.48 1.71 
TEP7 0 4 70 1.46 1.46 1.74 
TEP4 0 4 69 1.44 1.44 1.72 
TEP8 0 4 69 1.44 1.44 1.71 
TEP10 0 4 69 1.44 1.44 1.70 
TEP2 0 4 63 1.31 1.31 1.69 
TEP3 0 4 60 1.25 1.25 1.71 
Total SOIP Coverage (n = 96) 
TEP8 0 4 134 1.40 1.40 1.69 
TEP6 0 4 131 1.36 1.36 1.64 
TEP7 0 4 119 1.24 1.24 1.63 
TEP9 0 4 115 1.20 1.20 1.63 
TEP10 0 4 113 1.18 1.18 1.55 
TEP2 0 4 112 1.17 1.17 1.62 
TEP4 0 4 111 1.16 1.16 1.54 
TEP1 0 4 110 1.15 1.15 1.55 
TEP5 0 4 108 1.13 1.13 1.52 
TEP3 0 4 104 1.08 1.08 1.61 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table. 
 
Descriptive statistics from the generous analysis of the required textbooks and course 
syllabi of teacher education programs’ (N = 10) SOIP coverage within geometry are presented in 
Table 147. During the 2019-2020 school year, TEP descriptions of the SOIPs ranged from 19 
points to 33 points (M =0.79 to 1.38), TEP explanations of the SOIPs ranged from 25 to 47 
points (M = 1.04 to 1.96) and TEP scores for total SOIP coverage ranged from 44 to 80 points 
(M = 0.92 to 1.67). The maximum possible score for each level of coverage was equal to 96 





TEP SOIP Coverage Within Geometry, Generous Analysis  
    Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 24) 
TEP6 0 4 33 1.38 1.38 1.61 
TEP8 0 4 31 1.29 1.29 1.63 
TEP2 0 4 27 1.13 1.13 1.57 
TEP7 0 4 27 1.13 1.13 1.48 
TEP10 0 4 23 0.96 0.96 1.40 
TEP3 0 4 22 0.92 0.92 1.50 
TEP4 0 4 22 0.92 0.92 1.35 
TEP9 0 4 22 0.92 0.92 1.41 
TEP1 0 4 20 0.83 0.83 1.34 
TEP5 0 3 19 0.79 0.79 1.25 
SOIP Explanations (n = 24) 
TEP6 0 4 47 1.96 1.96 1.71 
TEP8 0 4 45 1.88 1.88 1.87 
TEP4 0 4 43 1.79 1.79 1.79 
TEP1 0 4 42 1.75 1.75 1.82 
TEP10 0 4 40 1.67 1.67 1.83 
TEP7 0 4 38 1.58 1.58 1.84 
TEP9 0 4 35 1.46 1.46 1.93 
TEP2 0 4 31 1.29 1.29 1.68 
TEP3 0 4 29 1.21 1.21 1.77 
TEP5 0 3 25 1.04 1.04 1.37 
Total SOIP Coverage (n = 48) 
TEP6 0 4 80 1.67 1.67 1.67 
TEP8 0 4 76 1.58 1.58 1.76 
TEP4 0 4 65 1.35 1.35 1.63 
TEP7 0 4 65 1.35 1.35 1.67 
TEP10 0 4 63 1.31 1.31 1.65 
TEP1 0 4 62 1.29 1.29 1.65 
TEP2 0 4 58 1.21 1.21 1.61 
TEP9 0 4 57 1.19 1.19 1.70 
TEP3 0 4 51 1.06 1.06 1.63 
TEP5 0 3 44 0.92 0.92 1.30 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table. 
 
Descriptive statistics from the generous analysis of the required textbooks and course 




descriptions of the SOIPs ranged from 15 s to 34 points, explanations ranged from 23 to 43 
points, and scores for total SOIP coverage ranged from 43 to 72 points. The maximum possible 
score for level of coverage was 96 points, and the maximum was 192 points for total coverage 
Table 148: 
TEP SOIP Coverage Within Measurement, Generous Analysis 
        Color Comparison M   
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 24) 
TEP8 0 4 34 1.42 1.42 1.77 
TEP6 0 4 27 1.13 1.13 1.54 
TEP2 0 4 22 0.92 0.92 1.56 
TEP3 0 4 22 0.92 0.92 1.56 
TEP7 0 4 22 0.92 0.92 1.53 
TEP10 0 4 21 0.88 0.88 1.33 
TEP4 0 4 20 0.83 0.83 1.27 
TEP9 0 4 19 0.79 0.79 1.28 
TEP1 0 4 18 0.75 0.75 1.26 
TEP5 0 3 15 0.63 0.63 1.06 
SOIP Explanations (n = 24) 
TEP3 0 4 43 1.79 1.79 1.89 
TEP2 0 4 40 1.67 1.67 1.76 
TEP8 0 4 38 1.58 1.58 1.86 
TEP7 0 4 36 1.50 1.50 1.82 
TEP10 0 4 36 1.50 1.50 1.84 
TEP9 0 4 34 1.42 1.42 1.77 
TEP1 0 4 30 1.25 1.25 1.65 
TEP5 0 4 29 1.21 1.21 1.61 
TEP6 0 4 29 1.21 1.21 1.50 
TEP4 0 4 23 0.96 0.96 1.43 
Total SOIP Coverage (n = 48) 
TEP8 0 4 72 1.50 1.50 1.80 
TEP3 0 4 65 1.35 1.35 1.77 
TEP2 0 4 62 1.29 1.29 1.69 
TEP7 0 4 58 1.21 1.21 1.69 
TEP10 0 4 57 1.19 1.19 1.62 
TEP6 0 4 56 1.17 1.17 1.51 
TEP9 0 4 53 1.10 1.10 1.56 
TEP1 0 4 48 1.00 1.00 1.47 
TEP5 0 4 44 0.92 0.92 1.38 
TEP4 0 4 43 0.90 0.90 1.34 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




The CTML’s Cognitive Categories Results 
Table 149 displays the descriptive statistics for each of the CTML’s three cognitive 
categories as documented through the generous analysis of geometry and measurement content. 
An ANOVA was utilized to compare for the results of the content analysis for geometry and 
measurement combined, geometry alone, and measurement alone, as they addressed principles 
categorized with each of the three CTML cognitive categories. 
The ANOVA results for geometry and measurement combined indicated that the 
difference between the categories of selecting (M = 0.44, SD = 1.18), organizing (M = 1.13, SD = 
1.40), and integrating (M = 2.23, SD = 1.63), was statistically significant F (2, 957) = 146.61,  
p < .001. The same was true for the analysis of geometry content, F (2, 477) = 66.27, p < .001, 
and for the analysis of measurement content, F (2, 477) = 81.63, p < .001. For all three tests, the 
Tukey HSD post hoc test indicated that the differences were significant between SOIPs for  
selecting and SOIPs for organizing, p < .01(geometry and measurement d = 0.53, geometry d = 
0.49, measurement d = 0.60), SOIPs for selecting and SOIPs for integrating, p < .01(geometry 
and measurement d  = 1.26, geometry d = 1.21, measurement d = 1.32), and SOIPs for 
organizing and SOIPs for integrating,  p < .01(geometry and measurement d  = 0.72, geometry d 
= 0.71, measurement d = 0.73). As indicated by the effect sizes listed above, the differences 
between selecting and integrating were extremely large (d = 1.26, 1.21, and 1.32). The 
differences between selecting and organizing were all close to medium in size (d = 0.53, 0.49, 




in size (d = 0.72, 0.71, and 0.73.). These interpretations of effect sizes utilized Cohen’s (1988) 
suggestion. The data presented above are displayed in Table 149.  
Table 149: 
Descriptive Statistics for the SUS of Florida TEPs’ Coverage of the CTML’s Three Cognitive 
Categories, Results of the Generous Analysis 
Cognitive Category  N Min Max ∑ M SD 
Geometry and Measurement       
 Selecting 400 0 4 174 0.44 1.18 
 Organizing 240 0 4 271 1.13 1.40 
 Integrating 320 0 4 712 2.23 1.63 
Geometry       
 Selecting 200 0 4 108 .54 1.28 
 Organizing 120 0 4 145 1.21 1.46 
 Integrating 160 0 4 368 2.30 1.61 
Measurement        
 Selecting 200 0 4 66 0.33 1.05 
 Organizing 120 0 4 126 1.05 1.33 
 Integrating 160 0 4 344 2.15 1.65 
 
Sums and percentages of TEPs’ coverage of the CMTL cognitive categories, as 
documented through the generous content analysis, are presented in Table 150. Description and 
explanation scores for geometry and measurement were combined and an absolute color 
comparison was applied. The maximum possible points for each level of coverage (description 
and explanations) was 80 points for selecting SOIPs, 48 points for organizing SOIPs, and 64 
points for integrating SOIPs. The SUS of Florida TEPs’ total SOIP description points ranged 
from 3 to 7 points for selecting, from 7 to 17 points for organizing, and from 17 to 46 points for 
integrating. SOIP explanation scores ranged from 6 to 16 points for selecting, from 6 to 24 
points for organizing, and from 32 to 52 points for integrating. These data are displayed in Table 





Absolute Color Comparison of CTML’s Three Cognitive Categories Documented Within 
Geometry and Measurement Content Combined, Generous Analysis 
  SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
 TEP ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP1 7(9%) 12(15%) 10(21%) 22(46%) 21(33%) 44(69%) 
TEP2 3(4%) 9(11%) 10(21%) 13(27%) 36(56%) 38(59%) 
TEP3 3(4%) 10(13%) 7(15%) 6(13%) 34(53%) 32(50%) 
TEP4 7(9%) 12(15%) 10(21%) 24(50%) 25(39%) 42(66%) 
TEP5 6(8%) 6(8%) 11(23%) 13(27%) 17(27%) 32(50%) 
TEP6 3(4%) 16(20%) 17(35%) 19(40%) 40(63%) 52(81%) 
TEP7 7(9%) 12(15%) 11(23%) 13(27%) 31(48%) 44(69%) 
TEP8 7(9%) 16(20%) 12(25%) 18(38%) 46(72%) 48(75%) 
TEP9 7(9%) 12(15%) 9(19%) 14(29%) 25(39%) 38(59%) 
TEP10 7(9%) 12(15%) 14(29%) 18(38%) 23(36%) 44(69%) 
Note. The keys for the absolute color comparison of CTML’s cognitive categories is located in Appendix 
H. This key should be used as a side-by-side comparison while interpreting the results in this table.  
Total scores were calculated for each TEP’s coverage of the CTML’ three cognitive 
categories (i.e. selecting, organizing, and integrating), as documented through a generous 
analysis of the intended and written curriculum. The sums were generated by combining all 
TEPs’ SOIP description and SOIP explanation scores for geometry and measurement within each 
cognitive category, percentages were calculated, and absolute and relative comparisons were 
applied. TEPs could earn a maximum of 160 points for selecting, 96 points for organizing, and 
128 points for integrating. The SUS of Florida TEPs’ total points ranged from 12 to 23 points for 
selecting, from 14 to 36 points for organizing, and from 49 to 94 points for integrating. These 





Total CTML Cognitive Category Coverage Within Geometry and Measurement Content 
Combined, Generous Analysis 
 Absolute Comparison Relative Comparison 
 Selecting Organizing Integrating  Selecting Organizing Integrating 
TEP ∑(%) ∑(%) ∑(%)   ∑(%) ∑(%) ∑(%) 
TEP1 19(12%) 32(33%) 65(51%)  19(12%) 32(33%) 65(51%) 
TEP2 12(8%) 23(24%) 74(58%)  12(8%) 23(24%) 74(58%) 
TEP3 12(8%) 14(14%) 66(52%)  12(8%) 14(14%) 66(52%) 
TEP4 19(12%) 34(35%) 66(52%)  19(12%) 34(35%) 66(52%) 
TEP5 12(8%) 24(25%) 49(38%)  12(8%) 24(25%) 49(38%) 
TEP6 19(12%) 36(38%) 92(72%)  19(12%) 36(38%) 92(72%) 
TEP7 19(12%) 24(25%) 75(59%)  19(12%) 24(25%) 75(59%) 
TEP8 23(14%) 30(31%) 75(73%)  23(14%) 30(31%) 75(73%) 
TEP9 19(12%) 23(24%) 63(49%)  19(12%) 23(24%) 63(49%) 
TEP10 19(12%) 32(33%) 67(52%)   19(12%) 32(33%) 67(52%) 
Note. Maximum points (selecting =160, organizing = 96, and integrating = 128); The keys for the 
absolute and relative comparisons of the CTML’s cognitive categories are in Appendix H. These keys 
should be used for a side-by-side comparison while interpreting the results in this table.  
Sums and percentages of TEPs’ coverage of the CTML’s cognitive categories, as 
documented through the generous content analysis, are presented in Table 152. Data were 
calculated separately for geometry and measurement, and an absolute color comparison was 
applied. The maximum possible points for each level of coverage (description and explanations) 
was 40 points for the selecting SOIPs, 24 points for the organizing SOIPs, and 32 points for 
integrating SOIPs. The results for geometry and measurement indicated that the SUS of Florida 
TEPs’ percent of SOIP coverage within the cognitive categories ranged from 0% to 81%. These 





Absolute Comparison of CTML’s Three Cognitive Categories Coverage Separated by Domain, 
Generous Analysis Results 
  SELECTING ORGANIZING INTEGRATING 
TEP 
Description Explanation Description Explanation Description Explanation 
∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
Geometry 
TEP1 3(8%) 8(20%) 5(21%) 12(50%) 12(38%) 22(69%) 
TEP2 3(8%) 6(15%) 6(25%) 6(25%) 18(56%) 19(59%) 
TEP3 3(8%) 7(18%) 2(8%) 6(25%) 17(53%) 16(50%) 
TEP4 3(8%) 8(20%) 5(21%) 13(54%) 14(44%) 22(69%) 
TEP5 3(8%) 3(8%) 6(25%) 7(29%) 10(31%) 15(47%) 
TEP6 3(8%) 10(25%) 9(38%) 11(46%) 21(66%) 26(81%) 
TEP7 3(8%) 8(20%) 5(21%) 7(29%) 19(59%) 23(72%) 
TEP8 3(8%) 12(30%) 5(21%) 10(42%) 23(72%) 23(72%) 
TEP9 3(8%) 8(20%) 5(21%) 8(33%) 14(44%) 19(59%) 
TEP10 3(8%) 8(20%) 7(29%) 10(42%) 13(41%) 22(69%) 
Measurement 
TEP1 4(10%) 4(10%) 5(21%) 10(42%) 28% 22(69%) 
TEP2 0(0%) 3(8%) 4(17%) 7(29%) 18(56%) 19(59%) 
TEP3 0(0%) 3(8%) 5(21%) 0(0%) 17(53%) 16(50%) 
TEP4 4(10%) 4(10%) 5(21%) 10(42%) 11(34%) 20(63%) 
TEP5 3(8%) 3(8%) 5(21%) 6(25%) 7(22%) 17(53%) 
TEP6 0(0%) 15% 8(33%) 8(33%) 19(59%) 26(81%) 
TEP7 4(10%) 4(10%) 6(25%) 6(25%) 12(38%) 21(66%) 
TEP8 4(10%) 4(10%) 7(29%) 8(33%) 23(72%) 25(78%) 
TEP9 4(10%) 4(10%) 4(17%) 6(25%) 19(34%) 19(59%) 
TEP10 4(10%) 4(10%) 7(29%) 8(33%) 10(31%) 22(69%) 
Note. The key for the absolute comparison of the CTML’s three cognitive categories is located in 
Appendix H. This key should be used as a side-by-side comparison while interpreting the results in this 
table.  
Research Question 1b 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the National Council of Teachers of Mathematics’ 




SUS of Florida Results  
This section reports the MTP results from the generous analysis of syllabi. For the SUS 
of Florida as a whole, a total of 160 MTP description scores and 160 MTP explanation scores 
were documented within the geometry and measurement content course syllabi. A paired 
samples t-test was utilized to analyze the difference in the overall level of MTP coverage. 
Results indicated that within this investigation, MTP explanations (M = 2.16, SD = 1.04), were 
documented more than MTP descriptions (M = 1.90, SD = 1.14), t(159) = 3.34. The difference 
was small (d = 0.24) (Cohen, 1988) and statistically significant p < .001. These data are 
displayed in Table 153 below.  
Table 153: 
Combined Geometry and Measurement Generous Analysis  
Level of Coverage n Min Max ∑ M SD 
Description 160 0 4 304 1.90 1.14 
Explanation 160 0 4 346 2.16 1.04 
Total Score 320 0 4 650 2.03 1.10 
 
Table 154 displays the descriptive analysis for SUS of Florida TEPs’ (N =10) final 
syllabi scores for MTP description, MTP explanation, and total MTP coverage within the 
domains of geometry and measurement. These data include a relative and absolute color 
comparison of means, which were ordered from greatest to least. The SUS of Florida TEPs sum 
of scores ranged from 26 to 50 (MTP description, maximum possible = 80 points), 30 to 57 
(MTP explanation, maximum possible = 80 points), and 56 to 107 (Total MTP Coverage, 





MTP Presence Within the Geometry and Measurement Content of Syllabi, Generous Analysis 
    Color Comparison M  
MTP Ranking Min Max ∑ Relative  Absolute  SD 
MTP Description (n =10)       
MTP1 Establish mathematics goals to focus learning 2 3 50 2.50 2.50 0.51 
MTP3 Use and connect mathematical representations 0 3 48 2.40 2.40 0.82 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 43 2.15 2.15 1.04 
MTP8 Elicit and use evidence of student thinking 0 3 41 2.05 2.05 1.15 
MTP4 Facilitate meaningful mathematical discourse 0 3 34 1.70 1.70 1.22 
MTP5 Pose purposeful questions 0 3 32 1.60 1.60 1.23 
MTP6 Build procedural fluency from conceptual understanding 0 3 30 1.50 1.50 1.40 
MTP7 Support productive struggle in learning mathematics 0 3 26 1.30 1.30 1.13 
MTP Explanation (n =10)       
MTP1 Establish mathematics goals to focus learning 2 4 57 2.85 2.85 0.49 
MTP8 Elicit and use evidence of student thinking 2 3 54 2.70 2.70 0.47 
MTP3 Use and connect mathematical representations 1 3 52 2.60 2.60 0.60 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 50 2.50 2.50 1.05 
MTP6 Build procedural fluency from conceptual understanding 0 3 37 1.85 1.85 1.18 
MTP5 Pose purposeful questions 0 3 34 1.70 1.70 1.03 
MTP4 Facilitate meaningful mathematical discourse 0 3 32 1.60 1.60 1.14 
MTP7 Support productive struggle in learning mathematics 0 3 30 1.50 1.50 1.05 
Total MTP Coverage (n =10)       
MTP1 Establish mathematics goals to focus learning 2 4 107 2.68 2.68 0.53 
MTP3 Use and connect mathematical representations 0 3 100 2.50 2.50 0.72 
MTP8 Elicit and use evidence of student thinking 0 3 95 2.37 2.37 0.93 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 93 2.33 2.33 1.05 
MTP6 Build procedural fluency from conceptual understanding 0 3 67 1.68 1.68 1.29 
MTP4 Facilitate meaningful mathematical discourse 0 3 66 1.65 1.65 1.17 
MTP5 Pose purposeful questions 0 3 66 1.65 1.65 1.12 
MTP7 Support productive struggle in learning mathematics 0 3 56 1.40 1.40 1.08 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison 




A paired samples t-test was utilized to analyze the difference in the overall level of MTP 
coverage within geometry content. Results indicated that within this generous investigation, 
MTP explanations (M = 2.16, SD = 1.06) were documented more than MTP descriptions (M = 
1.93, SD = 1.16), t(79) = 2.08. The difference was small (d = 0.21) (Cohen, 1988) and 
statistically significant p < .05. These data are displayed in Table 155. 
Table 155: 
Descriptive Statistics for MTPs Presence Within the Geometry Content of Syllabi, Generous 
Analysis 
Level of Coverage n Min Max ∑ M SD 
Description 80 0 4 154 1.93 1.16 
Explanation 80 0 4 173 2.16 1.06 
Total Score 160 0 4 327 2.04 1.11 
 
The results of the generous analysis of the geometry content of course syllabi indicated 
that MTP1 “establish mathematics goals to focus learning” was documented as the most 
described of the MTPs (M = 2.50, SD = 0.53), as well as the most explained (M = 2.90, SD  = 
0.57) and the most documented overall (M  = 2.70, SD = 0.57). MTP7 “Support productive 
struggle in learning mathematics” was the least described (M = 1.30, SD = 1.16), least explained 
(M = 1.50, SD = 1.08), and the least documented overall (M = 1.40, SD = 1.10). Minimum 
syllabi scores indicate that MTP1 “Establish mathematics goals to focus learning” was described 
and explained in at least one syllabus for each TEP. Additionally, MTP explanations were 
present in at least one syllabus for every TEP for MTP3 “use and connect mathematical 
representations” and MTP8 “Elicit and use evidence of student thinking”. The results indicated a 
sum of scores ranging from 13 to 25 points (MTP description), 15 to 29 points (MTP 





MTP Presence Within the Geometry Content of Syllabi, Generous Analysis 
MTP Ranking Min Max ∑ 
Color Comparison M 
SD Relative  Absolute  
MTP Description (n =10)       
MTP1 Establish mathematics goals to focus learning 2 3 25 2.50 2.50 0.53 
MTP3 Use and connect mathematical representations 0 3 24 2.40 2.40 0.97 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 22 2.20 2.20 1.03 
MTP8 Elicit and use evidence of student thinking 0 3 22 2.20 2.20 1.14 
MTP4 Facilitate meaningful mathematical discourse 0 3 17 1.70 1.70 1.25 
MTP5 Pose purposeful questions 0 3 16 1.60 1.60 1.27 
MTP6 Build procedural fluency from conceptual understanding 0 3 15 1.50 1.50 1.43 
MTP7 Support productive struggle in learning mathematics 0 3 13 1.30 1.30 1.16 
MTP Explanation (n =10)       
MTP1 Establish mathematics goals to focus learning 2 4 29 2.90 2.90 0.57 
MTP3 Use and connect mathematical representations 2 3 27 2.70 2.70 0.48 
MTP8 Elicit and use evidence of student thinking 2 3 27 2.70 2.70 0.48 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 25 2.50 2.50 1.08 
MTP5 Pose purposeful questions 0 3 17 1.70 1.70 1.06 
MTP6 Build procedural fluency from conceptual understanding 0 3 17 1.70 1.70 1.25 
MTP4 Facilitate meaningful mathematical discourse 0 3 16 1.60 1.60 1.17 
MTP7 Support productive struggle in learning mathematics 0 3 15 1.50 1.50 1.08 
Total MTP Coverage (n =20)       
MTP1 Establish mathematics goals to focus learning 2 4 54 2.70 2.70 0.57 
MTP3 Use and connect mathematical representations 0 3 51 2.55 2.55 0.76 
MTP8 Elicit and use evidence of student thinking 0 3 49 2.45 2.45 0.89 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 47 2.35 2.35 1.04 
MTP4 Facilitate meaningful mathematical discourse 0 3 33 1.65 1.65 1.18 
MTP5 Pose purposeful questions 0 3 33 1.65 1.65 1.14 
MTP6 Build procedural fluency from conceptual understanding 0 3 32 1.60 1.60 1.31 
MTP7 Support productive struggle in learning mathematics 0 3 28 1.40 1.40 1.10 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side 




A paired samples t-test was utilized to analyze the difference in the overall level of MTP 
coverage within measurement content. Results indicated that within this generous investigation, 
MTP explanations (M = 2.16, SD = 1.02) were documented more than MTP descriptions (M = 
1.88, SD = 1.14), t(79) = -2.65. The difference was small (d = 0.27) (Cohen, 1988) and 
statistically significant p < .01. These data are displayed in Table 157. 
Table 157: 
Descriptive Statistics for MTPs Presence Within the Measurement Content of Syllabi, Generous 
Analysis 
Level of Coverage n Min Max ∑ M SD 
Description 80 0 4 150 1.88 1.14 
Explanation 80 0 4 173 2.16 1.02 
Total Score 160 0 4 323 2.02 1.09 
 
The researcher utilized descriptive statistics and color comparisons to display the results 
of the generous content analysis of course syllabi. Table 158 displays these data, which include 
the SUS of Florida’s mean syllabi scores for MTP descriptions, MTP explanations, and total 
coverage of the MTPs (description and explanation) within measurement content. Results 
indicated that MTP1 “establish mathematics goals to focus learning” was ranked the highest for 
MTP descriptions (M = 2.50, SD = 0.53), MTP explanations (M = 2.80, SD = 0.42), and the 
highest for overall MTP coverage (M = 2.65, SD = 0.49). The least documented MTP was MTP7 
“support productive struggle in learning mathematics,” with the lowest documented total MTP 
coverage (M = 1.40, SD = 1.10). The SUS of Florida TEPs sum of scores ranged from 13 to 25 
(MTP description, maximum possible = 40 points), 15 to 28 (MTP explanation, maximum 






MTP Presence Within the Measurement Content of Syllabi, Generous Analysis 
    Color Comparison M  
MTP Ranking Min Max ∑ Relative Absolute SD 
MTP Description (n =10)       
MTP1 Establish mathematics goals to focus learning 2 3 25 2.50 2.50 0.53 
MTP3 Use and connect mathematical representations 1 3 24 2.40 2.40 0.70 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 21 2.10 2.10 1.10 
MTP8 Elicit and use evidence of student thinking 0 3 19 1.90 1.90 1.20 
MTP4 Facilitate meaningful mathematical discourse 0 3 17 1.70 1.70 1.25 
MTP5 Pose purposeful questions 0 3 16 1.60 1.60 1.27 
MTP6 Build procedural fluency from conceptual understanding 0 3 15 1.50 1.50 1.43 
MTP7 Support productive struggle in learning mathematics 0 3 13 1.30 1.30 1.16 
MTP Explanation (n =10)       
MTP1 Establish mathematics goals to focus learning 2 3 28 2.80 2.80 0.42 
MTP8 Elicit and use evidence of student thinking 2 3 27 2.70 2.70 0.48 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 25 2.50 2.50 1.08 
MTP3 Use and connect mathematical representations 1 3 25 2.50 2.50 0.71 
MTP6 Build procedural fluency from conceptual understanding 0 3 20 2.00 2.00 1.16 
MTP5 Pose purposeful questions 0 3 17 1.70 1.70 1.06 
MTP4 Facilitate meaningful mathematical discourse 0 3 16 1.60 1.60 1.17 
MTP7 Support productive struggle in learning mathematics 0 3 15 1.50 1.50 1.08 
Total MTP Coverage (n =20)       
MTP1 Establish mathematics goals to focus learning 2 3 53 2.65 2.65 0.49 
MTP3 Use and connect mathematical representations 1 3 49 2.45 2.45 0.69 
MTP2 Implement tasks that promote reasoning and problem solving 0 4 46 2.30 2.30 1.08 
MTP8 Elicit and use evidence of student thinking 0 3 46 2.30 2.30 0.98 
MTP6 Build procedural fluency from conceptual understanding 0 3 35 1.75 1.75 1.29 
MTP4 Facilitate meaningful mathematical discourse 0 3 33 1.65 1.65 1.18 
MTP5 Pose purposeful questions 0 3 33 1.65 1.65 1.14 
MTP7 Support productive struggle in learning mathematics 0 3 28 1.40 1.40 1.10 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used as a side-by-side comparison 




Teacher Education Program Results 
Table 159 displays these descriptive data for TEPs’ coverage of the MTPs.  
Table 159: 
TEPs’ MTP Coverage Within the Geometry and Measurement Content of Syllabi, Generous 
Analysis 
    Color Comparison M  
TEP Ranking  Min Max ∑ Relative  Absolute  SD 
MTP Descriptions      
TEP8 3 4 50 3.13 3.13 0.34 
TEP6 2 3 46 2.88 2.88 0.34 
TEP1 0 3 40 2.50 2.50 1.03 
TEP10 2 3 38 2.38 2.38 0.50 
TEP2 0 3 31 1.94 1.94 1.00 
TEP4 0 3 28 1.75 1.75 1.00 
TEP5 0 3 23 1.44 1.44 1.03 
TEP3 0 2 16 1.00 1.00 1.03 
TEP7 0 3 16 1.00 1.00 1.03 
TEP9 0 2 16 1.00 1.00 1.03 
MTP Explanations      
TEP8 2 4 48 3.00 3.00 0.52 
TEP4 0 4 43 2.69 2.69 1.08 
TEP5 2 3 42 2.63 2.63 0.50 
TEP1 2 3 40 2.50 2.50 0.52 
TEP6 2 3 40 2.50 2.50 0.52 
TEP10 2 3 40 2.50 2.50 0.52 
TEP2 1 3 36 2.25 2.25 0.68 
TEP3 0 3 26 1.63 1.63 1.02 
TEP9 0 3 18 1.13 1.13 1.20 
TEP7 0 2 13 0.81 0.81 0.98 
Total MTP Coverage      
TEP8 2 4 98 3.06 3.06 0.44 
TEP6 2 3 86 2.69 2.69 0.47 
TEP1 0 3 80 2.50 2.50 0.80 
TEP10 2 3 78 2.44 2.44 0.50 
TEP4 0 4 71 2.22 2.22 1.13 
TEP2 0 3 67 2.09 2.09 0.86 
TEP5 0 3 65 2.03 2.03 1.00 
TEP3 0 3 42 1.31 1.31 1.06 
TEP9 0 3 34 1.06 1.06 1.11 
TEP7 0 3 29 0.91 0.91 1.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Table 160 displayed the descriptive statistics for TEPs’ coverage of the MTPs within 
geometry.  
Table 160: 
TEPs’ MTP Presence Within the Geometry Content of Syllabi, Generous Analysis 
    Color Comparison M  
MTP Ranking Min Max ∑ Relative Absolute SD 
MTP Description (n = 8)     
TEP8 3 4 25 3.13 3.13 0.35 
TEP6 2 3 23 2.88 2.88 0.35 
TEP1 0 3 20 2.50 2.50 1.07 
TEP10 2 3 19 2.38 2.38 0.52 
TEP2 0 3 16 2.00 2.00 1.07 
TEP4 0 3 14 1.75 1.75 1.04 
TEP5 0 3 11 1.38 1.38 1.19 
TEP7 0 3 10 1.25 1.25 1.17 
TEP3 0 2 8 1.00 1.00 1.07 
TEP9 0 2 8 1.00 1.00 1.07 
MTP Explanation (n = 8)     
TEP8 2 4 24 3.00 3.00 0.54 
TEP4 0 4 22 2.75 2.75 1.17 
TEP5 2 3 21 2.63 2.63 0.52 
TEP1 2 3 20 2.50 2.50 0.54 
TEP6 2 3 20 2.50 2.50 0.54 
TEP10 2 3 20 2.50 2.50 0.54 
TEP2 1 3 18 2.25 2.25 0.71 
TEP3 0 3 13 1.63 1.63 1.06 
TEP7 0 2 8 1.00 1.00 1.07 
TEP9 0 3 7 0.88 0.88 1.25 
Total MTP Coverage (n = 16)     
TEP8 2 4 49 3.06 3.06 0.44 
TEP6 2 3 43 2.69 2.69 0.48 
TEP1 0 3 40 2.50 2.50 0.82 
TEP10 2 3 39 2.44 2.44 0.51 
TEP4 0 4 36 2.25 2.25 1.18 
TEP2 0 3 34 2.13 2.13 0.89 
TEP5 0 3 32 2.00 2.00 1.10 
TEP3 0 3 21 1.31 1.31 1.08 
TEP7 0 3 18 1.13 1.13 1.09 
TEP9 0 3 15 0.94 0.94 1.12 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




The descriptive statistics of teacher education programs’ MTP coverage within the 
domain of measurement are presented in Table 161.  
Table 161: 
TEP MTP Presence Within the Measurement Content of Syllabi, Generous Analysis 
    Color Comparison M  
TEP Ranking Min Max ∑ Relative  Absolute  SD 
MTP Description (n = 16)     
TEP8 3 4 25 3.13 3.13 0.35 
TEP6 2 3 23 2.88 2.88 0.35 
TEP1 0 3 20 2.50 2.50 1.07 
TEP10 2 3 19 2.38 2.38 0.52 
TEP2 0 3 15 1.87 1.87 0.99 
TEP4 0 3 14 1.75 1.75 1.04 
TEP5 0 2 12 1.50 1.50 0.93 
TEP3 0 2 8 1.00 1.00 1.07 
TEP9 0 2 8 1.00 1.00 1.07 
TEP7 0 2 6 0.75 0.75 0.89 
MTP Explanation (n = 16)     
TEP8 2 4 24 3.00 3.00 0.54 
TEP4 0 3 21 2.63 2.63 1.06 
TEP5 2 3 21 2.63 2.63 0.52 
TEP1 2 3 20 2.50 2.50 0.54 
TEP6 2 3 20 2.50 2.50 0.54 
TEP10 2 3 20 2.50 2.50 0.54 
TEP2 1 3 18 2.25 2.25 0.71 
TEP3 0 3 13 1.63 1.63 1.06 
TEP9 0 3 11 1.38 1.38 1.19 
TEP7 0 2 5 0.63 0.63 0.92 
Total MTP Coverage (n = 32)     
TEP8 2 4 49 3.06 3.06 0.44 
TEP6 2 3 43 2.69 2.69 0.48 
TEP1 0 3 40 2.50 2.50 0.82 
TEP10 2 3 39 2.44 2.44 0.51 
TEP4 0 3 35 2.19 2.19 1.11 
TEP2 0 3 33 2.06 2.06 0.85 
TEP5 0 3 33 2.06 2.06 0.93 
TEP3 0 3 21 1.31 1.31 1.08 
TEP9 0 3 19 1.19 1.19 1.11 
TEP7 0 2 11 0.69 0.69 0.87 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Research Question 1d 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s (2008) Science of Instruction Principles 
(SOIPs)?  
This section presents the results of the generous content analysis. The SOIP scores 
presented reflect data from a content analysis of the course syllabi of the 19 mathematics 
methods courses within the SUS of Florida’s elementary education teacher education programs 
during the 2019-2020 school year.  
SUS of Florida Results  
Table 162 presents the results of the generous content analysis of SUS of Florida TEPs’ 
mathematics methods course syllabi. These data represent both the geometry and measurement 
content. A paired samples t-test was utilized to compare the mean scores for SOIP description 
and SOIP explanation. There were slightly more documentations of SOIP explanations (M =0.63, 
SD = 1.06) compared to SOIP descriptions (M = 0.36, SD = 0.80), t(239) = 5.17, d = 0.29, and 
the difference in mean scores was statistically significant (p < .001).  
Table 162: 
Descriptive Statistics for SOIP Presence Within the Geometry and Measurement Content of 
Syllabi, Generous Analysis 
Level of Coverage n Min Max ∑ M SD 
Description 240 0 4 86 0.36 0.80 
Explanation 240 0 4 152 0.63 1.06 
Total Score 480 0 4 238 0.50 0.95 
 
Descriptive statistics for SOIP documentation within course syllabi content pertaining to 




SUS of Florida’s mean scores for SOIP descriptions, SOIP explanations, and total coverage of 
the SOIPs. The relative and absolute color comparison of means were ordered from greatest to 
least. The three most documented principles were anchoring (M = 1.75, SD = 1.41), multimedia 
(M = 1.33, SD = 1.05), and concretizing (M = 1.33, SD = 1.16).  
Based on the ©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs). the 
maximum score that the SUS of Florida TEPs could have earned for the presence of a single 
SOIP within the geometry and measurement content of syllabi was 80 points for SOIP 
description, 80 points for SOIP explanation, and 160 points of total SOIP coverage. The results 
indicated a sum of scores ranging from 0 to 31 for SOIP description, a range from 0 to 39 points 
for SOIP explanation and a range of 0 to 70 points for total SOIP coverage. These data represent 
SOIP presence documented within the geometry and measurement content of the mathematics 
methods course syllabi for all SUS of Florida teacher education programs. 
Table 163: 
SOIP Presence Within the Geometry and Measurement Content of Syllabi, Generous Analysis 
          Color Comparison M   
SOIP Ranking Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 20) 
SOIP12 Anchoring 0 4 31 1.55 1.55 1.43 
SOIP11 Concretizing 0 3 24 1.20 1.20 1.06 
SOIP9 Multimedia 0 2 19 0.95 0.95 0.83 
SOIP6 Segmenting 0 1 6 0.30 0.30 0.47 
SOIP7 Pretraining 0 2 6 0.30 0.30 0.66 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 20) 




          Color Comparison M   
SOIP Ranking Min Max ∑ Relative Absolute SD 
SOIP9 Multimedia 0 3 34 1.70 1.70 1.13 
SOIP11 Concretizing 0 3 29 1.45 1.45 1.28 
SOIP6 Segmenting 0 3 20 1.00 1.00 1.03 
SOIP7 Pretraining 0 2 18 0.90 0.90 0.85 
SOIP2 Signaling 0 3 10 0.50 0.50 1.05 
SOIP8 Modality 0 1 2 0.10 0.10 0.31 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 40) 
SOIP12 Anchoring 0 4 70 1.75 1.75 1.41 
SOIP9 Multimedia 0 3 53 1.33 1.33 1.05 
SOIP11 Concretizing 0 3 53 1.33 1.33 1.16 
SOIP6 Segmenting 0 3 26 0.65 0.65 0.86 
SOIP7 Pretraining 0 2 24 0.60 0.60 0.81 
SOIP2 Signaling 0 3 10 0.25 0.25 0.78 
SOIP8 Modality 0 1 2 0.05 0.05 0.22 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table.  
Descriptive statistics from the generous analysis of the SUS of Florida TEPs’ (N = 10) 
mathematics methods course syllabi’s levels of coverage of Mayer’s (2008) Science of 
Instruction Principles within geometry are displayed in Table 164. A paired samples t-test was 
utilized to analyze the difference in the overall level of SOIP coverage. Results indicated that 
SOIP explanations (M = 0.64, SD = 1.07) were documented more than SOIP descriptions (M = 
0.38, SD = 0.83), t(119) = 3.39. The difference was small (d = 0.27) (Cohen, 1988) and 





Descriptive Statistics for SOIP Presence Within the Geometry Content of Syllabi, Generous 
Analysis 
Level of Coverage n Min Max ∑ M SD 
Description 120 0 4 46 0.38 0.83 
Explanation 120 0 4 77 0.64 1.07 
Total Score 240 0 4 123 0.51 0.96 
 
Table 165 displays the results of the generous content analysis of syllabi. These results 
indicate that zero presence of the following five SOIPs were documented within the geometry 
content of the syllabi: coherence, spatial contiguity, temporal contiguity, expectations, and 
personalization (M = 0.00). Modality (M = 0.10, SD = 0.32), and signaling (M = 0.50, SD = 
1.08), were explained, but neither were described (M = 0.00). The three most documented 
principles were anchoring (M = 1.75, SD = 1.45), concretizing (M = 1.45, SD = 1.15), and the 
multimedia principle (M = 1.40, SD = 1.05).  
Table 165: 
SOIP Presence Within the Geometry Content of Syllabi, Generous Analysis 
     Color Comparison M  
SOIP Rankings Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 10)       
SOIP12 Anchoring 0 4 16 1.60 1.60 1.51 
SOIP11 Concretizing 0 3 13 1.30 1.30 1.06 
SOIP9 Multimedia 0 2 11 1.10 1.10 0.88 
SOIP6 Segmenting 0 1 3 0.30 0.30 0.48 
SOIP7 Pretraining 0 2 3 0.30 0.30 0.68 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 10)   
SOIP12 Anchoring 0 4 19 1.90 1.90 1.45 




     Color Comparison M  
SOIP Rankings Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n = 10)       
SOIP11 Concretizing 0 3 16 1.60 1.60 1.27 
SOIP6 Segmenting 0 3 10 1.00 1.00 1.05 
SOIP7 Pretraining 0 2 9 0.90 0.90 0.88 
SOIP2 Signaling 0 3 5 0.50 0.50 1.08 
SOIP8 Modality 0 1 1 0.10 0.10 0.32 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 20 ) 
SOIP12 Anchoring 0 4 35 1.75 1.75 1.45 
SOIP11 Concretizing 0 3 29 1.45 1.45 1.15 
SOIP9 Multimedia 0 3 28 1.40 1.40 1.05 
SOIP6 Segmenting 0 3 13 0.65 0.65 0.88 
SOIP7 Pretraining 0 2 12 0.60 0.60 0.82 
SOIP2 Signaling 0 3 5 0.25 0.25 0.79 
SOIP8 Modality 0 1 1 0.05 0.05 0.22 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 
as a side-by-side comparison while interpreting the results in this table.  
Descriptive statistics from the generous analysis of the SUS of Florida TEPs’ (N = 10) 
mathematics methods course syllabi levels of coverage of Mayer’s (2008) Science of Instruction 
Principles within measurement are displayed in Table 166. A paired samples t-test was utilized 
to analyze the difference in the overall level of SOIP coverage. Results indicated that SOIP 
explanations (M =0.63, SD = 1.06) were documented more than SOIP descriptions (M = 0.33, 
SD = 0.77), t(119) = 3.785, p < .001, d = -0.32. The difference was small and statistically 





Descriptive Statistics for SOIP Presence Within the Measurement Content of Syllabi, Generous 
Analysis 
Level of Coverage N Min Max ∑ M SD 
Description 120 0 4 40 0.33 0.77 
Explanation 120 0 4 75 0.63 1.06 
Total Score 240 0 4 115 0.48 0.94 
 
 
Table 167 displays the SUS of Florida TEPs’ minimum and maximum syllabi scores for 
each SOIP, as well as the mean scores for SOIP descriptions, SOIP explanations, and total 
coverage of the SOIPs (description and explanation) within measurement content. These data 
represent the results of the generous content analysis of mathematics methods course syllabi. 
Relative and absolute color comparison of means were presented in order from greatest to least.  
The generous analysis of syllabi documented zero presence of the following five SOIPs: 
coherence, spatial contiguity, temporal contiguity, expectation, and personalization (M = 0.00). 
Modality (M = 0.10, SD = 0.32), and signaling (M = 0.50, SD = 1.08), were explained, but 
neither were described (M = 0.00). The three most documented principles were anchoring (M = 
1.75, SD = 1.41), multimedia (M = 1.25, SD = 1.07), and concretizing (M = 1.20, SD = 1.20).  
Based on the ©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs). the 
maximum score that the SUS of Florida TEPs could have earned for the presence of a single 
SOIP within the geometry content of a syllabi was 40 points for SOIP description, 40 points for 
SOIP explanation, and 80 points of total SOIP coverage. The results indicated a sum of scores 
ranging from 0 to 15 for SOIP description, a range from 0 to 20 points for SOIP explanation and 





SOIP Presence Within the Measurement Content of Syllabi, Generous Analysis 
          Color Comparison M   
SOIP Ranking Min Max ∑ Relative  Absolute  SD 
SOIP Descriptions (n = 10) 
SOIP12 Anchoring 0 4 15 1.50 1.50 1.43 
SOIP11 Concretizing 0 3 11 1.10 1.10 1.10 
SOIP9 Multimedia 0 2 8 0.80 0.80 0.79 
SOIP6 Segmenting 0 1 3 0.30 0.30 0.48 
SOIP7 Pretraining 0 2 3 0.30 0.30 0.68 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP2 Signaling 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP8 Modality 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
SOIP Explanations (n = 10) 
SOIP12 Anchoring 0 4 20 2.00 2.00 1.41 
SOIP9 Multimedia 0 3 17 1.70 1.70 1.16 
SOIP11 Concretizing 0 3 13 1.30 1.30 1.34 
SOIP6 Segmenting 0 3 10 1.00 1.00 1.05 
SOIP7 Pretraining 0 2 9 0.90 0.90 0.88 
SOIP2 Signaling 0 3 5 0.50 0.50 1.08 
SOIP8 Modality 0 1 1 0.10 0.10 0.32 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 20) 
SOIP12 Anchoring 0 4 35 1.75 1.75 1.41 
SOIP9 Multimedia 0 3 25 1.25 1.25 1.07 
SOIP11 Concretizing 0 3 24 1.20 1.20 1.20 
SOIP6 Segmenting 0 3 13 0.65 0.65 0.88 
SOIP7 Pretraining 0 2 12 0.60 0.60 0.82 
SOIP2 Signaling 0 3 5 0.25 0.25 0.79 
SOIP8 Modality 0 1 1 0.05 0.05 0.22 
SOIP1 Coherence 0 0 0 0.00 0.00 0.00 
SOIP3 Spatial Contiguity 0 0 0 0.00 0.00 0.00 
SOIP4 Temporal Contiguity 0 0 0 0.00 0.00 0.00 
SOIP5 Expectation 0 0 0 0.00 0.00 0.00 
SOIP10 Personalization 0 0 0 0.00 0.00 0.00 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Teacher Education Program Results  
Table 168 displays the TEPs’ descriptive statistics from the generous analysis of the 
course syllabi content pertaining to the domains of geometry and measurement.  
Table 168: 
SOIP Presence within the Geometry and Measurement Content of Syllabi, Generous Analysis 
     Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Description (n = 24) 
TEP6 0 3 16 0.67 0.67 0.92 
TEP8 0 3 16 0.67 0.67 1.20 
TEP7 0 4 12 0.50 0.50 1.22 
TEP10 0 3 10 0.42 0.42 0.88 
TEP4 0 2 8 0.33 0.33 0.64 
TEP9 0 3 8 0.33 0.33 0.87 
TEP2 0 1 6 0.25 0.25 0.44 
TEP1 0 1 4 0.17 0.17 0.38 
TEP3 0 1 4 0.17 0.17 0.38 
TEP5 0 1 2 0.08 0.08 0.28 
SOIP Explanation (n = 24) 
TEP6 0 4 28 1.17 1.17 1.37 
TEP8 0 3 19 0.79 0.79 1.18 
TEP10 0 3 18 0.75 0.75 1.07 
TEP1 0 3 17 0.71 0.71 1.12 
TEP4 0 3 16 0.67 0.67 1.01 
TEP7 0 3 14 0.58 0.58 0.97 
TEP9 0 4 14 0.58 0.58 1.25 
TEP2 0 3 12 0.50 0.50 0.89 
TEP5 0 3 10 0.42 0.42 0.83 
TEP3 0 3 4 0.17 0.17 0.64 
Total SOIP Coverage (n = 48) 
TEP6 0 4 52 1.08 1.08 1.29 
TEP8 0 3 36 0.75 0.75 1.19 
TEP4 0 3 29 0.60 0.60 0.98 
TEP10 0 3 26 0.54 0.54 0.92 
TEP7 0 4 25 0.52 0.52 1.11 
TEP1 0 3 24 0.50 0.50 0.88 
TEP2 0 2 16 0.33 0.33 0.56 
TEP9 0 3 14 0.29 0.29 0.85 
TEP5 0 3 12 0.25 0.25 0.67 
TEP3 0 1 4 0.08 0.08 0.28 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Table 169 displays the TEPs’ descriptive statistics from the generous analysis of the 
course syllabi content pertaining to the domain of geometry.  
Table 169: 
SOIP Presence within the Geometry Content of Course Syllabi, Generous Analysis 
        Color Comparison M   
TEP Ranking Min Max ∑ M M SD 
SOIP Descriptions (n = 12) 
TEP6 0 3 9 0.75 0.75 1.06 
TEP7 0 4 8 0.67 0.67 1.30 
TEP8 0 3 8 0.67 0.67 1.23 
TEP10 0 3 5 0.42 0.42 0.90 
TEP4 0 2 4 0.33 0.33 0.65 
TEP9 0 3 4 0.33 0.33 0.89 
TEP2 0 1 3 0.25 0.25 0.45 
TEP1 0 1 2 0.17 0.17 0.39 
TEP3 0 1 2 0.17 0.17 0.39 
TEP5 0 1 1 0.08 0.08 0.29 
SOIP Explanations (n = 12) 
TEP6 0 4 18 1.50 1.50 1.51 
TEP4 0 3 12 1.00 1.00 1.28 
TEP1 0 3 10 0.83 0.83 1.12 
TEP8 0 3 9 0.75 0.75 1.14 
TEP10 0 3 8 0.67 0.67 0.99 
TEP7 0 3 7 0.58 0.58 1.08 
TEP2 0 2 5 0.42 0.42 0.67 
TEP5 0 3 5 0.42 0.42 0.90 
TEP9 0 3 3 0.25 0.25 0.87 
TEP3 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n = 24) 
TEP6 0 4 27 1.13 1.13 1.33 
TEP8 0 3 17 0.71 0.71 1.16 
TEP4 0 3 16 0.67 0.67 1.05 
TEP7 0 4 15 0.63 0.63 1.17 
TEP10 0 3 13 0.54 0.54 0.93 
TEP1 0 3 12 0.50 0.50 0.89 
TEP2 0 2 8 0.33 0.33 0.57 
TEP9 0 3 7 0.29 0.29 0.86 
TEP5 0 3 6 0.25 0.25 0.68 
TEP3 0 1 2 0.08 0.08 0.28 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Table 170 displays the TEPs’ descriptive statistics from the generous analysis of the 
course syllabi content pertaining to the domain of measurement.  
Table 170: 
SOIP Presence within the Measurement Content of Syllabi, Generous Analysis 
     Color Comparison M  
TEP Ranking Min Max ∑ Relative Absolute SD 
SOIP Descriptions (n =12)  
TEP8 0 3 8 0.67 0.67 1.23 
TEP6 0 2 7 0.58 0.58 0.79 
TEP10 0 3 5 0.42 0.42 0.90 
TEP4 0 2 4 0.33 0.33 0.65 
TEP7 0 4 4 0.33 0.33 1.16 
TEP9 0 3 4 0.33 0.33 0.89 
TEP2 0 1 3 0.25 0.25 0.45 
TEP1 0 1 2 0.17 0.17 0.39 
TEP3 0 1 2 0.17 0.17 0.39 
TEP5 0 1 1 0.08 0.08 0.29 
SOIP Explanations (n =12) 
TEP6 0 4 18 1.50 1.50 1.51 
TEP8 0 3 11 0.92 0.92 1.31 
TEP1 0 3 10 0.83 0.83 1.12 
TEP4 0 3 9 0.75 0.75 1.14 
TEP10 0 3 8 0.67 0.67 0.99 
TEP7 0 3 6 0.50 0.50 1.00 
TEP2 0 2 5 0.42 0.42 0.67 
TEP5 0 3 5 0.42 0.42 0.90 
TEP9 0 3 3 0.25 0.25 0.87 
TEP3 0 0 0 0.00 0.00 0.00 
Total SOIP Coverage (n =24) 
TEP6 0 4 25 1.04 1.04 1.27 
TEP8 0 3 19 0.79 0.79 1.25 
TEP4 0 3 13 0.54 0.54 0.93 
TEP10 0 3 13 0.54 0.54 0.93 
TEP1 0 3 12 0.50 0.50 0.89 
TEP7 0 4 10 0.42 0.42 1.06 
TEP2 0 2 8 0.33 0.33 0.57 
TEP9 0 3 7 0.29 0.29 0.86 
TEP5 0 3 6 0.25 0.25 0.68 
TEP3 0 1 2 0.08 0.08 0.28 
Note. The keys for the absolute and relative color comparisons are in Appendix H. These should be used 




Table 171 displays the descriptive statistics for each of the CTML’s three cognitive 
categories as documented through the generous analysis of geometry and measurement syllabi 
content. An ANOVA was utilized to compare for the results of the content analysis for geometry 
and measurement combined, geometry alone, and measurement alone, as they addressed 
principles categorized with each of the three CTML cognitive categories. 
The ANOVA results for geometry and measurement combined indicated that the 
difference between the categories of selecting (M = 0.05, SD = 0.36), organizing (M = 0.43, SD = 
0.74), and integrating (M = 1.10, SD = 1.23), were statistically significant F (2, 477) = 70.56, p < 
.001. The Tukey HSD post hoc test indicated that the differences were significant between 
selecting and organizing (p < .01), selecting and integrating (p < .01), and organizing and 
integrating (p < .01). 
The ANVOA results for the conservative analysis of geometry content were also 
statistically significant, F (2, 237) = 38.36, p < .001. The Tukey HSD post hoc test indicated that 
the differences were significant between selecting and organizing (p < .05), selecting and 
integrating (p < .01), and organizing and integrating (p < .01). The ANVOA results for the 
conservative analysis of geometry content also demonstrated to be statistically significant, F (2, 
237) = 3.95, p < .05. The Tukey HSD post hoc test indicated that the differences were significant 
between selecting and organizing (p < .01), selecting and integrating (p < .01), and organizing 






Descriptive Statistics of The CTML’s Cognitive Categories Within Geometry, Generous Analysis 
Cognitive Category  n Min Max ∑ M SD 
Geometry and Measurement       
 Selecting 200 0 3 10 0.50 0.36 
 Organizing 120 0 3 52 0.43 0.74 
 Integrating 160 0 4 176 1.10 1.23 
Geometry       
 Selecting 100 0 3 5 0.05 0.36 
 Organizing 60 0 3 26 0.43 0.74 
 Integrating 80 0 4 92 1.15 1.24 
Measurement        
 Selecting 100 0 3 5 0.05 0.36 
 Organizing 60 0 3 26 0.43 0.74 
 Integrating 80 0 4 84 1.05 1.23 
 
Sums and percentages of TEPs’ coverage of the CTML’s three cognitive categories, as 
documented through the generous content analysis of syllabi, are presented in Table 191. 
Description scores for geometry and measurement were combined, as were explanation scores. 
Then, an absolute color comparison was applied. The maximum possible points for each level of 
coverage (description and explanations) was 40 points for the selecting SOIPs, 24 points for the 
organizing SOIPs, and 32 points for the integrating SOIPs. The SUS of Florida TEPs’ total SOIP 
description points were all equal to zero. Scores ranged from 0 to 6 points for organizing, and 
from 0 to 16 points for integrating. SOIP explanation scores ranged from 0 to 6 points for 
selecting, from 0 to 10 points for organizing, and from 0 to 20 points for integrating. Total 
scores were calculated for each TEP’s coverage of the CTML’s three cognitive categories, by 
combining the SOIP description and explanation scores for geometry and measurement. TEPs’ 





Total CTML Cognitive Category Coverage Within the Combined Geometry and Measurement 
Content of Syllabi, Generous Analysis 
  Absolute Comparison   Relative Comparison 
 Selecting Organizing Integrating  Selecting Organizing Integrating 
 TEP ∑(%) ∑(%) ∑(%)   ∑(%) ∑(%) ∑(%) 
TEP1 0 (0%) 8 (33%) 16 (50%)  0 (0%) 8 (33%) 16 (50%) 
TEP2 4 (1%) 0 (0%) 12 (38%)  4 (1%) 0 (0%) 12 (38%) 
TEP3 0 (0%) 0 (0%) 4 (13%)  0 (0%) 0 (0%) 4 (13%) 
TEP4 0 (0%) 10 (42%) 19 (59%)  0 (0%) 10 (42%) 19 (59%) 
TEP5 0 (0%) 6 (25%) 6 (19%)  0 (0%) 6 (25%) 6 (19%) 
TEP6 6 (15%) 16 (67%) 30 (94%)  6 (15%) 16 (67%) 30 (94%) 
TEP7 0 (0%) 0 (0%) 28 (88%)  0 (0%) 0 (0%) 28 (88%) 
TEP8 0 (0%) 4 (17%) 32 (100%)  0 (0%) 4 (17%) 32 (100%) 
TEP9 0 (0%) 0 (0%) 14 (44%)  0 (0%) 0 (0%) 14 (44%) 
TEP10 0 (0%) 8 (33%) 18 (56%)   0 (0%) 8 (33%) 18 (56%) 
Note. The keys for the absolute and relative color comparisons of the CTML’s three cognitive categories 
are in Appendix H. These should be used as a side-by-side comparison while interpreting the results in 
this table.  
Summary  
Chapter Five included additional findings that were uncovered during the data analysis 
that answered the guiding research questions. Where Chapter Four combined all findings from 
and geometry and measurement to answer the questions, this chapter presents data analysis 
separately by content domain. This chapter also included additional syllabi analysis, which was 
referred to as the generous analysis. This analysis included the MTPs and SOIPs that were 
uncovered during syllabi content that could have been applied to geometry or measurement (or 
other domains). The first two sections of Chapter Five include the results of the conservative 
analysis that was presented in Chapter Four, but here they were separated by content domain. 





MAIN FINDINGS, DISCUSSION, IMPLICATIONS, AND 
RECOMMENDATIONS 
Introduction 
In Chapter Four the presentation and analysis of data were reported. Chapter Five 
included additional findings that did were uncovered while answering the research questions. 
Chapter Six consists of a summary of the study, a discussion of the findings, implications for 
practice, recommendations for further research, and final conclusions. The summary of the study 
briefly recaps the original problem that inspired this research, as well as the questions that guided 
the study, the significance of the study, and the methodology utilized to answer the research 
questions. The purpose of the study, summary, implications for practice, and recommendations 
for further research were included in order to expand upon the concepts that were investigated in 
an effort to provide further understanding of preservice teachers’ exposure to research-based 
instructional principles for effective mathematics instruction that is grounded in learning science, 
specifically focusing on elementary geometry and measurement instruction. The final 
conclusions will synthesize the key components and main findings of this investigation.  
Summary of the Study 
 This summary of the study will restate the problem of practice, purpose of the study, 
theoretical framework, research questions, and the methodology utilized . These are followed by 
the presentation of the major findings related to the extent to which the Mathematics Teaching 




intended curriculum of mathematics methods courses in the State University System of Florida. 
Finally, implications for practice and recommendations for further research are presented and 
discussed.  
Background of the Study 
At the national level, America’s elementary students have consistently underachieved in 
mathematics (TIMSS, 2015; 2019), with fewer than fifty percent of Florida’s elementary 
students demonstrating proficiency (NAEP, 2017). Additionally, the results of recent 
international assessments demonstrate that U.S. elementary students’ geometry and measurement 
understanding is the lowest of the assessed mathematics domains, with many students unable to 
successfully reason and apply their knowledge of the content (TIMSS, 2015; 2019). Students’ 
surface level understanding, paired with a lack of time that teachers have allocated to building 
conceptual connections (TIMSS Video Mathematics Research Group, 2003), demonstrate an 
apparent need to build elementary teachers’ capacity for engaging students in deep, meaningful 
mathematics learning opportunities. 
For teachers taking the traditional certification route, teacher education programs are 
where this capacity building begins. However, there are no federally mandated requirements for 
teacher education programs’ (TEPs) course content (U.S. Department of Education, 2018), and 
research has found that the states who do govern these programs widely disagree regarding what 
PSTs need (Greenberg & Walsh, 2008). Although, mathematics experts have suggested that 
PSTs successfully complete twelve credit hours of mathematics methods courses with the goal of 




Mathematical Sciences, 2012), research has demonstrated that course requirements vary by 
institution, with some not requiring any mathematics methods courses (Greenberg & Walsh, 
2008). Further adding to the complexity of the issue, the backgrounds of elementary education 
mathematics course instructors vary (Max, 2018) with some having no prior experience teaching 
in the elementary classroom (Masingila, Olanoff, & Kwaka, 2012).  
Problem of the Study 
Elementary education mathematics course instructors have limited time (Greenberg & 
Walsh, 2008; Kilpatrick et al., 2001) to fill gaps in PSTs’ mathematics knowledge (Clarke & 
Clarke, 2004), ease their mathematics anxiety and build their self-efficacy (Jackson, 2015). 
Therefore, the selection and utilization of mathematics methods course content is critical for 
preparing PSTs to enter the elementary classrooms with the skill set to effectively teach 
mathematics-including the domains of geometry and measurement, where unfavorable results 
from international assessments have demonstrated the need for elementary students to grow in 
their ability to apply and reason with the content (TIMSS, 2015; TIMSS, 2019).  
Research within other content areas has documented that pre-service teachers receive 
inconsistent exposure to empirically proven scientific learning principles (Camara, 2019; 
Pomerance et al., 2016). Previous studies have searched for evidence of instructional principles 
from cognitive science by reviewing the textbooks and course syllabi of teacher education 
programs in educational psychology and instructional methods courses in both the United States 
(Pomerance et al., 2016), as well as in Flanders, and the Netherlands (Surma et al., 2018). A 




University System (SUS) of Florida (Camara, 2019). However, there is a gap in the literature 
regarding the presence of instructional principles from cognitive science and best practices for 
mathematics instruction within the required mathematics courses of elementary education TEPs.  
Therefore, the problem investigated in this study concerned preservice teachers’ exposure 
to research-based pedagogical practices grounded in both cognitive learning theory and best-
practices for mathematics instruction, specifically Mayer’s (2008; 2009) Science of Instruction 
Principles (SOIPs), as well as the National Council of Teachers of Mathematics’ eight high-
leverage Mathematics Teaching Practices (MTPs).  
Purpose of the Study 
 
This quantitative content analysis investigated the intended curriculum (course syllabi) 
and written curriculum (textbooks) of undergraduate and bachelors-masters elementary 
education mathematics methods courses to determine the extent to which the National Council of 
Teachers of Mathematics’ (NCTM) eight highly effective Mathematics Teaching Practices 
(MTPs), Mayer’s (2008) Science of Instruction Principles (SOIPs), and additional theories of 
learning, instruction, and motivation, were embedded within geometry and measurement content. 
Theoretical Framework 
A model for informing course content was created to guide this research. This model 
incorporates: 1) the Science of Instruction, which is based on Mayer’s (2008) Cognitive Theory 




Practices (MTPs). The model illustrates a lens through which teacher education programs could 
be influenced by cognitive science research. Following this theoretical framework, Mayer’s 
(2008) Cognitive Theory of Multimedia Learning and corresponding Science of Instruction 
Principles (SOIPs) should inform both the structure and function of teacher education programs. 
Using this model, preservice teachers would be trained to plan instructional activities with 
attention to three fundamental principles from cognitive science: learners receive information 
through two separate channels- the verbal and the pictorial channels (Paivio, 1971); cognitive 
capacity is limited and the working memory can process just a few words and pictures at one 
time (Miller, 1956); and learners are active processors who need to build connections between 
new information and prior learning in order for learning to result in long-term retention 
(Wittrock, 1989). 
According to Shulman (1986), it is critical for teachers to have pedagogical content 
knowledge. Therefore, the framework for this study included the National Council of Teachers 
of Mathematics eight high-leverage Mathematics Teaching Practices (MTP)s; these MTPs 
should inform the inclusion of course content for mathematics methods courses. With methods 
courses fully encompassing the MTPs and all course material aligned with Mayer’s CTML, there 
is potential for preservice teachers to graduate with the ability to engage students in learning that 
is deep and meaningful, with the potential to impact student achievement in mathematics. This 











Research Questions and Methodology 
This quantitative content analysis investigated the 10 elementary education teacher 
education programs (TEPs) within the State University System (SUS) of Florida during the 
2019-2020 school year. All of the 19 mathematics methods courses, with the MAE leading 
course code, were included in the sample. The content analysis included each course’s intended 
curriculum (syllabi) and written curriculum (textbooks). A total of 10 textbooks and 19 syllabi 
were analyzed.  
The use of a line-by-line content analysis allowed the researcher to study the behavior of 
teacher education programs, “in an indirect way, through an analysis of their communications” 
(Fraenkel, Wallen, & Hyun, 2015, p. 476). The use of two researcher-created scoring rubrics, the 
©Scoring Rubric for the National Council of Teachers of Mathematics’ (2014) Mathematics 
Teaching Practices (MTPs) and the ©Scoring Rubric for Mayer’s Science of Instruction 
Principles (SOIPs), allowed the researcher to quantify the results, which were reported in 




Research Question One: To what extent, if any, is there a difference between course coverage of 
the National Council of Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics 
Teaching Practices (MTPs) and Mayer’s (2008) Science of Instruction Principles (SOIPs) in the 
State University System (SUS) of Florida’s Teacher Education Programs (TEPs) mathematics 
methods courses? To answer this question, the researcher also investigated four sub questions, 
which are stated below.  
a.  To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include the National Council of Teachers of 
Mathematics’ (2014) eight high-leverage Mathematics Teaching Practices (MTPs)? 
b.  To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the National Council of Teachers of 
Mathematics’ (2014) eight high-leverage Mathematics Teaching Practices (MTPs)? 
c.  To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include Mayer’s (2008) Science of Instruction 
Principles (SOIPs)? 
d.  To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s (2008) Science of Instruction 
Principles (SOIPs)? 
Research Question Two: To what extent, if any, do the SUS of Florida undergraduate elementary 
education mathematics methods courses’ textbooks and syllabi expose preservice teachers to 




Responding to research question 1a and 1c required the analysis of the quantitative data 
taken from the final scoring rubrics utilized to documented construct presence within the ten 
required textbooks. To answer research questions 1b and 1d, the research conducted a content 
analysis of nineteen mathematics methods course syllabi. To answer research question 1, the 
findings from sub questions 1a, 1b, 1c, and 1d were analyzed. The researcher presented the 
results through descriptive and inferential analysis. Also, relative and absolute color comparisons 
were utilized to compare mean scores. While analyzing the required textbooks and course syllabi 
for MTPs and SOIPs, the researcher also utilized coding techniques to document additional 
learning, instruction, and motivation theories, which were analyzed to answer research question 
two.  
The findings from this content analysis were used to determine if differences existed in 
courses’ coverage of the MTPs and SOIPs, and if so, to describe those differences. The presence 
of additional theories of learning, instruction, and motivation were also noted and reported 
descriptively. This study evaluated the intended and written curriculum (textbooks and course 
syllabi) only. The implemented curriculum (observations of classroom teaching and PSTs’ 
classroom engagement) were not investigated. The researcher did not investigate any samples of 
written work or any assignments that were completed by the preservice teachers (PSTs) who 
were enrolled in the mathematics methods courses.  
Discussion of the Findings 
 This section discusses the implications of the findings for each of the research questions 




review presented in Chapter One and Chapter Two. Presence of the MTPs and SOIPs were 
documented when evidence of teacher actions (TAs), teacher understandings (TUs), and 
students’ actions (SAs) were located within the text. The level of coverage for each TA, TU, or 
SA was categorized as either a description or explanation. To better understand what textbook 
and syllabi content qualified under each level of coverage, the following operational definitions 
should be referenced when reading the findings of this investigation. 
MTP Description: For the purpose of this study a TA or SA was categorized as a description of a 
MTP if it was implicitly or explicitly stated, described, or characterized in the text, but 
not applied through an example, assignment, video link, discussion topic, or questions. If 
an MTP or corresponding TA or SA was documented, but it did not require preservice 
teacher (PST) application, then it was categorized as an MTP description. 
MTP Explanation: For the purpose of this study a TA or SA was categorized as an explanation of 
an MTP if it was clearly illustrated (the text provides the logical development, states the 
underlying cause, demonstrates, illustrates, or clarifies) or if it indicated preservice 
teacher (PST) application. For example, a TA or SA would be categorized as an 
explanation if it was found within a textbook’s lesson plans, linked video lessons, or end 
of chapter questions. Moreover, within a syllabus, a TA or SA was categorized as an 
explanation if it was documented from verbiage found within class activities, discussion 
topics lesson plan assignments, teaching simulations, or assessments. 
SOIP Description: A TA or TU was categorized as a description of a SOIP if it was implicitly or 




example, assignment, video link, discussion topic, questions, etc. Descriptions d id not 
require preservice teacher (PST) application. 
SOIP Explanation: A TA or TU was categorized as an explanation of a SOIP if it was clearly 
illustrated (the text provides the logical development, states the underlying cause, 
demonstrates, illustrates, or clarifies) or if it indicated preservice teacher (PST) 
application. For example, a TA or TU was categorized as an explanation if it was found 
within a textbook’s lesson plans, linked video lessons, or end of chapter questions. 
Moreover, within a syllabus, a TA or TU categorized as an explanation could have been 
found within class activities, discussion topics lesson plan assignments, teaching 
simulations, or assessments. 
Research Question 1 
To what extent, if any, is there a difference between course coverage of the National 
Council of Teachers of Mathematics’ (NCTM) eight high-leverage Mathematics Teaching 
Practices (MTPs) and Mayer’s Science of Instruction Principles (SOIPs) in the State University 
System (SUS) of Florida’s Teacher Education Programs (TEPs) mathematics methods courses? 
The geometry and measurement content of the mathematics methods curriculum included 
more of the NCTM’s Mathematics Teaching Practices (M = 1.94, SD = 1.55) than Mayer’s 
Science of Instruction Principles (M = 1.01, SD = 1.59). An independent sample t-test indicated 
that the difference between PSTs’ exposure to these principles within the curriculum was 
medium sized (d = 0.59) and statistically significant (p < .001). Given that the NCTM’s 




evidence for the implementation of the eight high-leverage MTPs, PSTs’ should be exposed to 
these instructional practices within their programs.  
Mayer (2008) suggests that teachers should plan instruction with careful attention to the 
cognition of the learners, and the Science of Instruction Principles are a tool that teachers can use 
to actively engage the learners’ cognitive processes during learning, through the intentional 
design of their lessons. In (2001) the National Research Council stated that, “Proficiency for all 
demands fundamental changes be made concurrently in the curriculum, instructional materials, 
assessments, classroom practice, teacher preparation, and professional development” (Kilpatrick 
et al, p. 10). The lack of attention to instruction principles grounded in cognitive science, 
specifically within geometry and measurement content, present a need for improvement within 
teacher education programs. These two content areas are two domains where U.S. students 
demonstrate the least success, especially with tasks requiring deep cognition (TIMSS, 2015; 
2019). Therefore, there is a need to increase PSTs’ exposure to the SOIPs within geometry and 
measurement, so that they can design instruction to attend to the brains of the learners.  
Mathematics Teaching Practices 
The 2019-2020 intended and written curriculum of the mathematics methods courses 
provided PSTs’ with significantly more exposure to MTP3 “use and connect mathematical 
representations”, MTP2 “implement tasks that promote reasoning and problem solving” and 
MTP1 “establish mathematics goals to focus learning,” compared to MTP7 “support productive 
struggle in learning mathematics,” which was the least documented MTP within this 




means that PSTs’ are receiving balanced exposure to those Mathematics Teaching Practices 
suggested by the NCTM. Based on descriptive analysis, PSTs are receiving inadequate exposure 
to certain MTPs, specifically those focused on classroom discourse, posing purposeful questions, 
eliciting and using evidence of student thinking, and building procedural fluency from 
conceptual understanding. If the data presented in this study are an accurate reflection of what 
PSTs are learning within the geometry and measurement content of their TEPs, then one might 
assume that beginning teachers will be less skilled in the areas listed above.  
The findings also indicated that coverage of the individual MTPs varied greatly within 
the intended curriculum, and an ANOVA indicated that the differences in coverage were 
statistically significant, Welch’s F (7, 270.51) = 3.608, p = .001. Coverage of the individual 
MTPs ranged from moderately low to moderately high, based on absolute comparisons. MTP7 
“support productive struggle in learning mathematics” (M = 1.39, SD = 1.17) was the least 
documented MTP. An ANOVA indicated that MTP7 was documented significantly less than 
MTP2 “implement tasks that promote reasoning and problem solving” (M = 2.13, SD = 1.59), 
MTP1 “establish mathematics goals to focus learning” (M = 2.06, SD = 1.54), and MTP3 “use 
and connect mathematical representations” (M = 2.33, SD = 1.61). The NCTM states that 
“effective mathematics teaching uses students’ struggles as valuable opportunities to deepen 
their understanding of mathematics” (p. 52). These results indicate that PSTs’ may graduate 
without having been exposed to the teacher actions corresponding to successfully facilitating 




These results also imply that the current curriculum is not evenly exposing PSTs to the 
Mathematics Teaching Practices. Wilburne and colleagues (2018) surveyed classroom teachers 
to determine which of the teaching actions corresponding to the MTPs they utilized the most in 
the classroom. They found that overall, teacher utilized the teaching actions associated with 
MTP3 “use and connect mathematics representations” the third least of the eight MTPs. The 
implications here could mean that mathematics methods courses have recognized this disparity 
and are attempting to provide more exposure to MTP3 within their programs. Interestingly, the 
previously mentioned study also found that MTP7 “support productive struggle” was the most 
utilized by classroom teachers. Since this was the least present overall in this study of 
mathematics methods courses, the implications here are that PSTs may be exposed to MTP7 
more within other mathematics domains. Or, PSTs’ may believe that they are implementing tasks 
and supporting students throughout their struggle with mathematics. However, research has 
found that classroom teachers who plan cognitively complex task, often abandon them, as they 
are unsure of how to support students through their struggles with mathematics (Carter, 2008).  
The findings from research question one also indicated that there were statistically 
significant differences between MTP explanations and MTP descriptions within the curriculum. 
This is exactly what we would like to see, PSTs having more opportunities to apply the MTPs 
rather than just hearing about them or reading about them.  
Science of Instruction Principles 
The 2019-2020 intended and written curriculum of the mathematics methods courses 




spatial contiguity principle states that “people learn better when corresponding written words and 
pictures are near rather than far from each other on a surface,” that teachers should embed 
critical vocabulary and key terms with pictures, and that utilizing this principle preserves the 
cognitive capacity of the learner (Mayer, 2008; 2009; 2011). PSTs’ were not exposed to these 
teacher actions and teacher understandings. Furthermore, the modality principle states that 
“people learn better from a multimedia presentation when words are spoken rather than printed,” 
that pictures and written words are both processed within the eyes, and thus, taxes the visual 
working memory (Mayer, 2009). PSTs’ were not exposed to these teacher actions and teacher 
understandings within the geometry and measurement content of the mathematics methods 
courses. 
Additionally, SOIP1 “coherence,” and SOIP5 “expectation,” were included in the content 
significantly less than SOIP6 “segmenting,” SOIP7 “pretraining,” SOIP9 “multimedia,” SOIP10 
“personalization,” SOIP11 “concretizing,” and SOIP12 “anchoring.” The coherence principle 
essentially states that teachers should refrain from incorporating interesting, but irrelevant details 
(pictures, words, sounds, music, and symbols), because all presented materials compete for the 
learner’s attention (Mayer, 2008). Therefore, by incorporating nonessential materials, the teacher 
may inadvertently, be taxing the cognitive load of the learner, or helping the learner think of 
nonessential material, leaving essential material behind (Mayer, 2009). With elementary 
mathematics classrooms already being very busy environments, with external visual and auditory 
stimuli, reducing extraneous processing is critical. However, PSTs were exposed to this Science 




lessons into smaller chunks (SOIP6 “segmenting”), providing critical vocabulary to learners in 
advance (SOIP7 “pretraining”), presenting lessons with both words and pictures (SOIP9 
“multimedia”), using informal conversation during instruction (SOIP10 “personalization”), 
utilizing concrete example (SOIP11 “concretizing), and  presenting new materials within real-
world contexts (SOIP12 “anchoring). PSTs were also exposed to significantly more of the 
previously listed principles when compared to the expectation principle, which states that 
teachers should tell students what they will be required to do with the new information prior to 
presenting it, as this preview helps learners know which information to keep in their working 
memories (Mayer, 2009). 
All other SOIP comparisons were nonsignificant, meaning that PST exposure to those 
principles was essentially balanced.  
SOIPs Within the CTML’s Cognitive Categories 
The results of an ANOVA comparing the curriculum’s coverage of SOIPs within 
Mayer’s (2009) Cognitive Theory of Multimedia Learning’s (CTML) three categories of 
cognitive processes indicated that there were statistically significant differences between the 
intended and written curriculum’s inclusion of SOIPs within the categories of selecting (M = 
0.41, SD = 1.16), organizing (M = 0.97, SD = 1.43), and integrating  (M = 1.78 SD = 1.83), F(2, 
957) = 76.69, p < .001. The difference was small between presence of SOIPs for selecting 
compared to SOIPs for organizing (p < .01, d =0.43), moderate between organizing and 
integrating (p < .01, d =0.49), and between selecting and integrating there was a large difference 




The result of a MANOVA analysis determined that there was a statistically significance 
difference between the description and explanation scores of the CTML’s Categories of 
Cognitive Processes. The post hoc analysis indicated, that within the geometry and measurement 
content of the textbooks and syllabi, there were significantly less descriptions (mere presence) of 
SOIPs for selecting compared to descriptions of SOIPs for organizing. Furthermore, there were 
significantly less explanations (fully developed explanations or opportunities to apply) of the 
SOIPs for selecting compared to the SOIPs for integrating. According to Mayer’s (2009) 
Cognitive Theory of Multimedia Learning, the selecting SOIPs are intended to help the learner 
select the right sounds and images for transfer to their working memory (Paivio, 1986), and the 
SOIPs for organizing are intended to help the learner organize the previously selected sounds 
and images into a coherent mental representation within the working memory (Mayer, 2011). 
Therefore, with PSTs’ being less exposed to the selecting SOIPs, they may not be aware of all 
the teacher actions that they could implement in order to prevent learners from experiencing 
cognitive overload or prevent them from paying attention to nonessential details (Mayer, 2008). 
Moreover, if learners select the wrong information, or miss critical information, they could be 
working to build a mental representation with sounds and images that don’t 
necessary correspond.   
The integrating SOIPs are intended to help the learner tether new materials, in the form 
of mental representations, to the long-term memory (Mayer, 2008). According to the CTML, this 
process takes place by accessing prior knowledge in the learner’s long-term memory and 




measurement content of mathematics methods course curriculum exposed PSTs to significantly 
less opportunities to apply or fully understand the SOIPs for selecting, it is possible that learners 
are not selecting essential words and pictures, subsequently building inaccurate or incomplete 
mental representations, and then tying those representations to the long-term memory. It is the 
researcher’s assumption that this could potentially be one way in which mathematics 
misconceptions are developed. Shulman’s (1986) introduction of pedagogical content knowledge 
indicated that teachers should be equipped with strategies for “reorganizing the thinking of 
learners,” which means that teachers with PCK should be capable of preventing misconceptions 
from being developed within the brains of learners (p. 9-10). Utilizing the selecting SOIPs is 
critical as use of these principles prevents inaccurate mental representations or learner 
misconceptions from developing in the first place (Mayer, 2009).  
Additional findings indicated that within geometry and measurement content, PSTs may 
not be learning instructional practices that guide the learners’ cognitive during learning. The 
findings from research question one indicated that PSTs as exposed to less than 25% of the 
selecting SOIPs within geometry and measurement content, and of the three cognitive categories, 
PSTs are least exposed to selecting principles. Thus, PSTs may also be unprepared to manage the 
cognitive load of their students, who have limited cognitive capacity (Sweller, et al., 2011). 
Problematically, these findings imply that the mental representations being tethered to the long-
term memory may include extraneous information (lack of SOIPs for selecting) or may not be 
correct (lack of SOIPs for organizing). Additionally, the CTML and its undergirding of the 




extraneous processing isn’t limited and essential processing isn’t managed (Sweller et al., 2011; 
Mayer, 2001)   
U.S. students’ mathematics achievement has been the lowest in the domains of geometry 
and measurement (TIMSS, 2015; TIMSS, 2019), and the gap between students’ performance in 
other mathematics domains and geometry and measurement has been significant, and widening 
(TIMSS & PIRLS International Study Center, 2015a; Mullis, Martin, Foy, & Arora, 2012). 
Students have had more success with achievement in basic geometry and measurement, in 
comparison with applying and reasoning with geometry and measurement (TIMSS, 2015), which 
could be due to lack of time that teachers have allocated to building conceptual connections 
(TIMSS Video Mathematics Research Group, 2003). Although the findings from research 
question one indicated more of an emphasis on SOIPs targeting the integrating of geometry and 
measurement concepts, the presence of those principles was minimal (M = 1.78). Furthermore, 
for students to be able to reason and apply geometric and measurement concepts, they must have 
accurate conceptual representations of those concepts stored in their long-term memories. With 
these findings revealing PSTs’ minimal exposure to SOIPs for selecting and organizing, the 
researcher assumes that PSTs’ may not be equipped  with instructional practices for managing the 
learners’ cognitive load or for cognitively guiding learners to build correct mental 
representations. Therefore, whatever geometry and measurement content their students tether to 




Teacher Education Program Implications 
 The findings from research question one imply that the current geometry and 
measurement curriculum of mathematics methods courses within the 10 TEPs within the State 
University System of Florida minimally include the SOIPs and within the principles that are 
included, there is disparity between the exposure that PSTs receive to principles within the 
CTML’s three cognitive categories. Moreover, their intended curriculum unevenly included the 
MTPs.  
 Research question one utilized color comparisons to compare TEP coverage of the MTPs 
and SOIPs. A quick glance at the colored tables next to the color comparison keys indicated that 
there was a wide range of coverage of the MTPs and SOIPs between all ten of the programs. The 
findings indicated that the ten TEPs had moderately low presence of MTP descriptions (M range 
= 1.30 to 2.60). According to the rating scale on the ©Scoring Rubric for the National Council of 
Teachers of Mathematics’ (2014) Mathematics Teaching Practices (MTPs) mean scores below 3 
points indicates that and average of half or less of all teacher and student actions were 
documented for an MTP. The research utilized final MTP rubrics to generate these descriptive 
statistics. These final rubrics combined all teacher actions and student actions from all textbooks 
and syllabi within a TEP into a single rubric. Therefore, these low MTP mean scores indicate 
that within all of the mathematics methods courses’ required textbooks and course syllabi, when 
all teacher and student actions were combined into one, the TEPs still covered only less than half 




The color comparisons indicated moderately low to good explanations of the MTPs (M 
range = 0.72 to 3.38). The mean score of two programs indicated that their textbooks and syllabi 
averaged more than half of the teacher actions and student actions corresponding to the MTPs 
(TEP8 M = 3.16, TEP4 M = 2.18). The intended curriculum of all other programs included less 
than half of the teacher and student actions corresponding the MTP explanations (M range = 1.72 
to 2.41). The NCTM (2014) suggested that mathematics curriculum should reflect the 
Mathematics Teaching Practices, and the findings from this research question indicate that there 
is a disproportion in TEPs’ representation of the TEPs within their geometry and measurement 
curriculum. Therefore, potential PSTs within Florida may unknowingly select a TEP that does 
not cover the MTPs as well as others do.  
The red and orange shading within the color comparisons for TEP coverage of the SOIPs 
indicated that all 10 TEPs had low coverage of the SOIP descriptions (M range = 0.67 to 1.02), 
and moderately low SOIP explanations (M range = 0.94 to 1.42). Since most TEPs were lacking 
coverage of 3 to 5 of the SOIPs, utilizing mean scores in comparison to the rating scale on the 
©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs), would be skewed. 
However, a quick glance at the SOIP color comparisons next to the color comparison keys 
indicates that SOIP presence was low across the board for all TEPs.  
These findings seem to indicate that within course content explicitly teaching geometry 
and measurement, PSTs are not being exposed to much basic information about the MTPs and 
barely any information about the SOIPs. Furthermore, PSTs enrolled in different TEPs within the 




measurement content. Researchers have stated the need for teachers to connect neuroscience and 
learning so that teachers would be aware of the effects that their own teaching actions have on 
the brains of their learners (Dubinsky et al., 2013). However, the SOIP findings from research 
question one indicated that at least within geometry and measurement content, those connections 
to neuroscience are not present. Additionally, research in cognitive science attributes long-term, 
meaningful learning to instruction designed with the science of learning in mind. (Mayer, 2009). 
With U.S. students historical low performance in applying and reasoning with geometric shapes 
and measures, the of SOIP coverage in SUS of Florida TEPs may indicate that PSTs graduate 
without knowledge for framing their geometry and measurement instruction within the science of 
learning, thus, lacking the ability to facilitate students in gaining a deep conceptual 
understanding.  
Research Question 1a 
To what extent, if any, do the State University System (SUS) of Florida undergraduate 
elementary education mathematics methods courses’ textbooks include the National Council of 
Teachers of Mathematics’ eight high-leverage Mathematics Teaching Practices (MTPs)?  
The findings from this research question indicated that within the investigated textbooks, 
MTP explanations (M = 3.57, SD = 0.63) were documented more than MTP descriptions (M = 
2.71, SD = 0.70), t(159) = -11.754. The difference was large (d = 1.30) (Cohen, 1988) and 
statistically significant, p < .001. These findings indicated that the textbooks are providing PSTs’ 
more opportunities to apply the teacher and student actions associated with the MTPs, rather than 




Findings indicated that the SUS of Florida required mathematics methods textbooks 
included the most explanations of MTP2 “implement tasks that promote reasoning and problem 
solving”, MTP3 “use and connect mathematical representations,” (M =3.95, SD = 0.22) and 
MTP4” facilitate meaningful mathematical discourse,” (M =3.95, SD = 0.22). According to the 
rating scale on the ©Scoring Rubric for the National Council of Teachers of Mathematics’ 
(2014) Mathematics Teaching Practices (MTPs) a mean score of 4 points indicates that all 
teacher and student actions were present within the textbooks and a mean score of three indicates 
that more than half of those actions were present. The findings of these high scores for MTP3 
and MTP4 indicate that PSTs are exposed to opportunities to apply nearly all of the 
corresponding teacher and student actions. The absolute color comparisons found that there was 
moderately good or good coverage for seven of the eight MTPs. Therefore, the textbooks are 
adequately addressing most of the MTPs within geometry and measurement. MTP7 “support 
productive struggle” is present the least within geometry and measurement content. This is 
interesting, since U.S. students’ performance on international assessments is lowest in reasoning 
and applying within geometric shapes and measures (TIMSS, 2015; TIMSS, 2019).  
The TEP findings indicated that there was a difference between the extent that TEP 
textbooks included descriptions and explanations of the MTPs within geometry and 
measurement content. However, despite that difference, the absolute color comparisons indicated 
that TEPs have selected mathematics textbooks that do a good job of incorporating the MTPs 
into geometry and measurement content. In the Taking Action section of Principles to Actions, 




textbooks and instructional materials “promote the Mathematics Teaching Practices, and support 
effective instruction as characterized by the Mathematics Teaching Practices” (NCTM, 2014, p. 
113). Based on these findings, the 10 TEPs included in this investigation have done so.  
Research Question 1b 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include the NCTM’s eight high-leverage Mathematics 
Teaching Practices (MTPs) (NCTM, 2014)? 
The findings from this research question indicated that the curriculum included more 
MTP explanations (M =1.07, SD = 1.29) than MTP descriptions (M = 0.41, SD = 0.86), t(159) = 
5.11. The difference was moderate (d = 0.60) (Cohen, 1988) and statistically significant p < .001. 
Furthermore, MTP coverage was consistently low for all MTPs (M range = 0.45 to 1.05), as 
indicated by the red shading in the absolute color comparison. A quick glance at the absolute 
comparison demonstrates that all MTP descriptions (M range = 0.05 to 0.70) were low (red) and 
MTP explanations (M range = 0.60 to 1.75) ranged from low (red) to moderately low (orange). 
Based on the ©Scoring Rubric for the National Council of Teachers of Mathematics’ (2014) 
Mathematics Teaching Practices (MTPs) all MTPs were “under described” by the syllabi. Also, 
three MTPs (MTP4, MTP5, and MTP7) were determined to fall between “not present” and 
“underdeveloped” based on the documented presence of their explanations, and five MTPs 
(MTP3, MTP2, MTP6, MTP8, and MTP1) were between “underdeveloped” and “developed.” 
Max (2018) asserted that “syllabi communicate intentionally to address various components in a 




within geometry and measurement content of course syllabi, could communicate to PSTs that the 
MTPs will not be addressed, or would be slightly addressed, within those domains. Bers, Davis, 
and Taylor (1996), identified syllabi as public documents created by course instructors that act as 
“contracts between the college and the students, articulating what the students can expect to learn 
and what they are required to do in a course” (p. 2). Furthermore, a syllabus is typically the first 
communication initiated between an instructor and students, thus setting the expectations and 
providing direction for the course (Eberly, Newton, Wiggins, 2001). The implication here is that 
the course syllabi analyzed in this investigation provide very little evidence that the MTPs will 
be included within geometry and measurement content.  
The absolute color comparisons of TEP coverage of the MTPs demonstrated variation 
between the extent to which these programs cover the MTPs. Hess and Whittington (2003) stated 
that “a well-developed syllabus provides a sound framework for the course being taught, as well 
as security and direction for students” (p. 23). The findings from this research question indicate 
that there are some PSTs enrolled in the TEPs included in this investigation, who are receiving 
syllabi with somewhat of a framework including the MTPs while others are not. Furthermore, the 
literature states that the creation of a syllabus requires instructors to prudently plan for major 
topics, activities, assignments, and course objectives (McKeachie, 1978). Therefore, the 
researcher assumes that one of two things must be true concerning the findings of this study: 
there truly is a major disparity in PST exposure to the MTPs within the geometry and 
measurement content of mathematics methods courses, or instructors are not designing their 




With a need for build teachers’ capacity for engaging students in deep, meaningful 
mathematics learning opportunities (NCTM, 2014). Teachers should not only understand 
mathematics and mathematics pedagogy, but they should also have pedagogical content 
knowledge, which is knowledge “beyond the subject matter…to the dimensions of subject matter 
knowledge (PCK) for teaching” (Shulman, 1986, p. 9). This PCK is the route to effective 
mathematics instruction, yet so many teachers and preservice teachers lack PCK, as well as 
fundamental conceptions of mathematics (Ma, 2010). For teachers taking the traditional 
certification route, this capacity building begins in their teacher education programs. Therefore, 
these findings, which discovered low coverage of the MTPs within mathematics methods 
teachers plans for instructional content (syllabi), could imply that PSTs are not being exposed to 
these practices which have deemed effective (NCTM, 2014). In order to develop PCK for 
geometry and measurement, PSTs must not only master the content, but they must be aware of 
those best MTPs for teaching that content. If there are not exposed to the MTPs within geometry 
and measurement course topics, they may enter the class as novice teachers without having 
developed PCK for teaching geometry measurement. 
Research Question 1c 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks include Mayer’s (2008) Science of Instruction 
Principles (SOIPs)?  
 The findings from research question 1c revealed a major disparity in the documented 




contiguity and modality, M = 0.00), and others being well-developed (i.e. the anchoring principle 
M = 3.63, the multimedia principle M = 3.55, and the concretizing principle M = 3.53). The 
range of mean scores for the SOIPs that were present (M range = 0.03 to 3.63) evidences the gap 
in SOIP coverage within the geometry and measurement content of the 10 textbooks 
investigated.  
Further findings, indicated a small, but statistically significant, greater amount of SOIP 
explanations within the written curriculum compared to SOIP descriptions, t(239) = 3.98, p < 
.001, d = 0.38. These findings speak to the greater opportunities for preservice teachers to deeply 
learn the teaching actions and teacher understandings associated with the SOIPs, as SOIP 
explanations indicate a more fully developed presence of the SOIPs (i.e. through examples, 
linked videos, discussion questions, or fully elaborated example lesson plans) than SOIP 
descriptions, which merely indicate that the principles were generally present within the text. 
This implies that, for the SOIPs that are present, there are opportunities for PSTs to apply the 
associated teacher actions and demonstrate the teacher understandings. 
Furthermore, an average of more than half of the associated teacher actions and teacher 
understandings were present for all but two principles, categorizing the majority of them as well-
developed by the ©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs). The 
two principles with a documented textbook average of less than half of the associated teacher 
actions and teacher understandings were temporal contiguity (explanation M = 1.20, description 
M = 0.00) and pretraining (explanation M = 1.80, description M = 2.90). Regarding temporal 




an understanding that they should design instruction that includes the simultaneous presentation 
of images that correspond to spoken words (Mayer, 2009), and no general exposures to the 
principal. Regarding the pretraining principle, this implies that textbook did not fully develop the 
concept of providing learners with critical vocabulary and critical elements of a complex lesson 
in advance (Mayer, 2009; 2011).  
 The findings for teacher education programs, as indicated be the absolute color 
comparison, reveal that individual TEP coverage of the SOIPS within the geometry and 
measurement content of their textbooks varied from moderately low coverage (orange) to 
moderately good coverage (light green) with eight TEPs having textbooks coverage that was 
moderate (yellow).  
SOIPs Within the CTML’s Three Cognitive Categories 
 The ANOVA results for the geometry and measurement content of textbooks indicated 
that the difference between the categories of selecting (M = 0.82, SD = 1.53), organizing (M = 
1.83, SD = 1.55), and integrating (M = 3.35 SD = 1.12), was statistically significant F(2, 417) = 
79.50 p < .001. The Tukey HSD post hoc test indicated that there were moderate sized and 
statistically significant differences between the categories of selecting and organizing (p < .01, d 
= 0.66), large and statistically significant differences between SOIPs for selecting and SOIPs for 
integrating (p < .01, d = 1.89), and large statistically significant differences between SOIPs for 
organizing and SOIPs for integrating (p < .01, d = 1.12). These findings lend to the same 
implications as research question one, reiterating the emphasis that textbooks place on SOIPs 




targeted to assist in managing the cognitive load of the learner (selecting SOIPs) and the building 
of accurate mental representations (organizing SOIPs) are underrepresented in the written 
curriculum.  
Research Question 1d 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ syllabi include Mayer’s (2008) Science of Instruction Principles 
(SOIPs)?  
A paired samples t-test indicated that within the geometry and measurement content of 
the mathematics methods courses’ syllabi, SOIP explanations (M = 0.20, SD = 0.67) were 
documented more than SOIP descriptions, which were not documented at all (M = 0.00, SD = 
0.00), t(239) = 4.64. The difference was small (d = 0.42) (Cohen, 1988) and statistically 
significant p < .001. The absolute color comparison had the SOIPs colored with a deep red, 
which indicated no or low coverage (M range = 0.00 to 0.48). The relative comparison indicated 
that compared to coverage of the other SOIPs, presence of the multimedia principle (M = 0.48) 
was good (green). There were five SOIPs present with the syllabi: multimedia, anchoring, 
segmenting, pretraining, and concretizing. It is notable, that these SOIPs were only present 
within the syllabi of four institutions: TEP4, TEP8, TEP1, and TEP9.  
SOIPS Within the CTML’s Three Cognitive Categories 
The ANOVA results indicated that the difference between SOIPS within the categories of 
selecting (M = 0.00, SD = 0.00), organizing (M = 0.12, SD = 0.48), and integrating (M = 0.21, 




indicated that the differences between selecting and organizing were not significant, nor was the 
difference between organizing and integrating. However, the differences between selecting and 
integrating were less than moderately sized (d = 0.42) (Cohen, 1988) and statistically significant, 
p < .01.  
 The absolute and relative color comparisons for the SOIPs within the three CTML 
cognitive categories found that four TEPs included SOIPs for integrating within their syllabi, 
and two TEPs included SOIPs for organizing within their syllabi. Stein, Remillard, and Smith 
(2007) referred to course syllabi as “teachers’ plan for instruction” (p. 321). Furthermore, Max 
(2018) referred to course syllabi as intentional communication between professors and their 
students. Therefore, these findings indicate that mathematics course instructors in six TEPs are 
not communicating any intended exposure to the SOIPs within their plans for geometry and 
measurement instruction. Moreover, the four TEPs that did include the SOIPs within this 
communication, did so sparingly, and included more emphasis on principles of integrating. 
Similarly to research question one, these findings imply that PSTs’ may eventually enter 
classrooms as novice teachers who are not equipped to teach in a way that prevents mathematics 
misconceptions from developing.  
Research Question 2 
To what extent, if any, do the SUS of Florida undergraduate elementary education 
mathematics methods courses’ textbooks and syllabi expose preservice teachers to additional 




Through the coding of the textbooks and course syllabi, seven additional research-based 
theories were uncovered. There was a total of twenty-eight documentations of these additional 
theories. Within the geometry content of the textbooks two additional theories found. Van 
Hiele’s model for geometric thinking was present in 5(50%) of the required textbooks and 
3(15.79%) of the course syllabi. Repeated practice was documented within 2(20%) of the 
textbooks and within both domains. Growth mindset was referenced twice (20%) within the 
measurement content of the textbooks, but it was not found within the geometry content.  
   The coding of course syllabi revealed five additional theories. Four of the five theories 
were uncovered through the coding of standards that accompanied ambiguously described course 
assignments or course objectives, meaning that these standards may have been applied to 
geometry or measurement (or other domains). The additional theories noted within these 
ambiguous references included: Blooms Taxonomy, cooperative learning, feedback, and learning 
styles.  
Implications for Practice 
With limited time, mathematics methods professors are tasked with filling PSTs’ content 
knowledge gaps, building pedagogical capacity, and reducing PST mathematics anxiety. 
Moreover, mathematics methods instructors, may not have backgrounds in elementary education 
(Masingila et al., 2012; Max, 2018) and may be the sole mathematics methods instructors that 
their students encounter during their TEPs (Greenberg & Walsh, 2008). In Florida, the graduates 
of teacher education programs must pass licensing exams, but the FTCE mathematics subtest 




beginning elementary teachers are exiting their TEPs still lacking mathematics understanding, 
and undoubtedly the PCK that optimizes students’ learning, as suggested by Lee Shulman (1986) 
and Liping Ma (2010).  
Research in cognitive science has uncovered Science of Instruction Principles that 
teachers can be utilized to intentionally design their instructional messages in such a way that the 
cognitive processes of the learner are prioritized (Mayer, 2008; 2009; 2011). The Cognitive 
Theory of Multimedia Learning specifies which Science of Instruction Principles assist in 
reducing extraneous processing, managing essential processing, and guiding generative 
processing (Mayer, 2009). Furthermore, the National Council of Teachers of Mathematics’ 
(2014) eight high-leverage Mathematical Teaching Practices link instructional principles from 
cognitive science to mathematics instruction. When mastering the use of these practices, teachers 
demonstrate pedagogical content knowledge for teaching mathematics.  
With U.S. students’ performance in geometric shapes and measures being historically 
low (TIMSS, 2015; TIMSS, 2019), and evidence that students lack deep, conceptual 
understanding of geometry and measurement, the researcher sought to investigate the geometry 
and measurement content of teacher education programs. Therefore, this quantitative content 
analysis investigated the intended curriculum (course syllabi) and written curriculum (textbooks) 
of undergraduate and bachelors-masters elementary education mathematics methods courses to 
determine the extent to which the National Council of Teachers of Mathematics’ (NCTM) eight 




Principles (SOIPs), and additional theories of learning, instruction, and motivation, were 
embedded within geometry and measurement content. 
  With the conclusion of the analyses of the data, findings, and discussion for this study, 
several implications for faculty of teacher education programs, textbook authors, elementary 
education preservice teachers, and prospective preservice teachers emerged. The implications of 
this study include the following:  
1.  Faculty: Mathematics methods course instructors should consider framing their intended 
curriculum within the Cognitive Theory of Multimedia Learning, explicitly exposing PSTs 
to the twelve instructional design principles and the cognitive science that undergird them. 
Designing courses within this framework would include preservice teachers’ equal 
exposure to the SOIPs within the CTML’s cognitive categories of selecting, organizing, 
and integrating, which would prepare them to guide the cognitive processes of their 
students during learning. The findings of this study indicated that most TEPs lacked 
coverage of the Science of Instruction Principles and there was a significant imbalance in 
coverage of principles within these. Specifically, that imbalance heavily emphasized SOIPs 
for integrating. Implying that PSTs’ may not be equipping with strategies from preventing 
the development of learner misconceptions. 
2. Faculty: Mathematics methods course instructors may consider analyzing their course 
curriculum, specifically pertaining to the domains of geometry and measurement, to ensure 
that PSTs are receiving opportunities to practice the teacher actions associated with each of 




3. Faculty: Mathematics methods course instructors could increase opportunity for PSTs’ to 
engage in MTP7 “support productive struggle in learning mathematics.” This MTP 
supports the development of the learners’ deep cognition, perseverance, and stamina in 
reasoning with mathematics. These are areas where U.S. students struggle, specifically 
within geometry and measurement.  
4. Faculty: Mathematics methods course instructors could redesign their courses to 
incorporate the teacher actions and teacher understandings corresponding to each of the 
SOIPs. Although the TEP curriculum investigated did provide PSTs’ with more 
opportunities to apply the SOIPs, those opportunities were still minimal.  
5. Textbook Authors: Textbook authors may consider analyzing the extent to which they have 
incorporated the MTPs into textbook content for each of the mathematics domains. This 
study found that the textbook provided PSTs with significantly less exposure to MTP7 
“support productive struggle in learning mathematics” compares to MTP3 “use and connect 
mathematical representations.” 
6. Textbook Authors: Textbook authors may consider analyzing the extent to which they have 
incorporated the Science of Instruction Principles and the SOIPs within CTML’s three 
cognitive categories with the geometry and measurement content of their textbooks. This 
study found that textbooks more heavily emphasized SOIPs for integrating newly 
presented information into the long-term memory and minimally addressed principles for 




7. Preservice Teachers: Given the findings of research questions 1, 1c, and 1d, which 
indicated that the SOIPs are sparingly covered within teacher education programs, and the 
fact that those principles have proven effect for their potential in guiding learners toward 
deep, meaningful learning, preservice teachers may consider taking it upon themselves to 
study the science of  instruction. Richard. E. Mayer’s Applying the Science of Learning 
(2011) is written in user-friendly language that may be appealing to a newcomer to the 
science of learning and the science of instruction.  
8. Prospective Preservice Teachers: Prospective preservice teachers should carefully consider 
the mathematics course content of teacher education programs that they are considering for 
enrollment. Specifically, preservice teachers could request course syllabi and a list of 
required textbooks, then utilize the researcher-created scoring rubrics from this study to 
determine the extent to which those programs would expose them to instructional practices 
with empirical evidence of effect.  
Recommendations for Further Research 
This study investigated undergraduate and bachelors-masters elementary education 
mathematics methods courses to determine the extent to which the National Council of Teachers 
of Mathematics’ (NCTM) eight highly effective Mathematics Teaching Practices (MTPs), 
Mayer’s (2008) Science of Instruction Principles (SOIPs), and additional theories of learning, 
instruction, and motivation, were embedded within geometry and measurement content. This 
study analyzed the intended curriculum (syllabi) and the written curriculum (textbooks) but did 




1.  Future studies could build upon this research by investigating the implemented curriculum 
of the geometry and measurement content in mathematics methods courses of the 10 SUS of 
Florida elementary TEPs included in this investigation. This investigation did not analyze 
student work samples, classroom instructions, assessments, or student teaching. 
2. This study could be replicated within any other of the mathematics domains or expanded to 
include the other teacher education programs within the State of Florida or any other state.  
3. Future research could utilize the ©Scoring Rubric for the National Council of Teachers of 
Mathematics’ Mathematics Teaching Practices (MTPs) or the ©Scoring Rubric for Mayer’s 
Science of Instruction Principles (SOIPs) to analyze textbook and syllabi content within any 
of the other mathematics domains, or as a tool for teacher evaluations.  
4. Future research could investigate the extent to which the SOIPs for selecting, organizing, 
and integrating are incorporated into the curriculum of courses within any subject area, and 
at any grade-level. Since the CTML is not subject or age specific, the SOIPs as categorized 
by the three underlying cognitive process, should be incorporated into all learning scenarios.  
Conclusion 
According to the National Research Council (2001), “Effective programs of teacher 
preparation and professional development help teachers understand the mathematics they teach, 
how their students learn that mathematics, and how to facilitate that learning” (Kilpatrick et al., 
2001, p. 10). The findings of this study reveal that within the geometry and measurement content 
of the elementary education mathematics methods courses within the State University System of 




Furthermore, the evidence of exposure that does exist is imbalanced, with some programs 
demonstrating zero coverage of the SOIPs. Also, these courses’ inclusion of the National 
Council of Teachers of Mathematics (2014) highly effective Mathematics Teaching Practices 
also varied greatly from institution to institution. With geometric shapes and measures being the 
domain of lowest achievement in mathematics for U.S. elementary students (TIMSS, 2015; 
2019), there is a demonstrated need to increase preservice teachers’ ability to teach geometry and 
measurement effectively to students. Incorporating the SOIPs and the MTPs into geometry and 
measurement course content, would provide PSTs with cognitive learning “tools” to guide the 







APPENDIX A: TIMSS MATHEMATICS ASSESSMENT: COGNITIVE 
AND CONCEPT DOMAIN SCORES FOR FLORIDA AND THE UNITED 




TIMSS MATHEMATICS ASSESSMENT: COGNITIVE AND CONCEPT DOMAIN SCORES FOR FLORIDA AND THE 
UNITED STATES FROM  2007, 2011, AND 2015 
  COGNITIVE DOMAINS  
SCALE SCORES 











 U.S. FL U.S. FL U.S. FL U.S. FL  U.S. FL U.S. FL U.S. FL 
2015 539 546 547 555 537 545 531 534  546 556 525 529 540 541 
2011 541 545 556 568 539 542 525 523  543 548 535 546 545 541 
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(Adams, 2020)        
©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) 
To be used for content analysis of written materials. 
Directions:   
Read through written materials until evidence of a teacher action (TA) and student action (SA) criterion is found. Then, determine the category 
(i.e. description or explanation), and document the location (page number) in the corresponding column. For each TA and SA, descriptions are 
documented to the left and explanations to the right. Implicit and explicit evidence should be documented. After completing the content analysis, 
refer to the rating scale to assign a description and explanation score for each MTP. Document scores in the grey column 
 
Category  Categorization Criteria 
Description:   A TA or SA is categorized as a description of a MTP if it is implicitly or explicitly stated, described, or characterized in 
the text, but not applied through an example, assignment, video link, discussion topic, questions, etc. Descriptions do not 
require preservice teacher (PST) application. 
 
Explanation:   A TA or SA is categorized as an explanation of a MTP if it is clearly illustrated (the text provides the logical 
development, states the underlying cause, demonstrates, illustrates, or clarifies) or if it indicates preservice teacher (PST) 
application. For example, a TA or SA would be categorized as an explanation if it was found within a textbook’s lesson 
plans, linked video lessons, or end of chapter questions. Moreover, within a syllabus, a TA or SA categorized as an 
explanation could be found within class activities, discussion topics lesson plan assignments, teaching simulations, o r 
assessments. 
RATING SCALE 
DESCRIPTION LEVELS  
(General presence of TAs and SAs in textbook or syllabus.) 
EXPLANATION LEVELS 
(Applied presence of TAs and SAs in textbook or syllabus.) 
Level 4:  
Fully described. 
All TAs and SAs are present. Level 4:  
Fully developed 
All TAs and SAs are present.  
Level 3:  
Well described  
Half or more of the TAs and SAs are present. Level 3:  
Well-developed 
Half or more of the TAs and SAs are present. 
Level 2: 
Described 
At least one TA is present. Less than half of all TAs and 
SAs are present. 
Level 2:  
Developed 
At least one TA is present. Less than half of all 
TAs and SAs are present. 
Level 1:  
Under described 
No TAs present. SAs are present. Level 1: 
Underdeveloped 
No TAs present. SAs are present.  
Level 0:  
Not stated.  
No TAs or SAs present. Level 0:  
Not present 
No TAs or SAs present.  
Note: Mathematics Teaching Practices (MTPs), teacher actions, and student actions adapted from Principles to Actions: Ensuring Mathematics Success for All , 






(Adams, 2020)        
©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) 
To be used for content analysis of written materials. 
MTP   DOCUMENTED PRESENCE OF TEACHER AND STUDENT ACTIONS 
   DESCRIPTION  EXPLANATION  DESCRIPTION  EXPLANATION 
   Page(s) TEACHER ACTIONS Page(s)  Page(s) STUDENT ACTIONS Page(s) 









D.   




  1. Establish clear goals.       1. Discuss current work in 




  2. Situate goals in the context 
of the larger unit of study and 
the learning progression.  
 
    2. Use goals to remain focused 
on their progress toward 
building understanding.  
  
  3. Refer to goals during the 
lesson.  
    3. Connect current work to 
previous concepts and predict 
future progressions.  
 
  
  4. Connect student actions 
during the lesson to the 
overall goal of the lesson. 
 
    4. Assess and monitor their 
understanding and goal-directed 
behavior.  
  
  5. Reflect on goals to guide 
lesson planning.  
 
  
  6. Use goals to guide decision 
making and to identify and 
use utilize “teachable 
moments” during the lesson. 
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
Pages Evaluated  
Note: Mathematics Teaching Practices (MTPs), teacher actions, and student actions adapted from Principles to Actions: Ensuring Mathematics 






(Adams, 2020)        
©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) 
To be used for content analysis of written materials. 
MTP   DOCUMENTED PRESENCE OF TEACHER AND STUDENT ACTIONS 
   DESCRIPTION  EXPLANATION  DESCRIPTION  EXPLANATION 
   Page(s) TEACHER ACTIONS Page(s)  Page(s) STUDENT ACTIONS Page(s) 











D.   




    1. Provide opportunities for 





     1. Persevere in investigating 
and reasoning through complex 
tasks.  
  
  2. Plan for the use of tasks 
with multiple possible entry 
points, and that allows for the 
use of various tools.  
 
    2. Build connections with prior 
knowledge and actively engage 
in sense-making.  
  
  3. Regularly implement tasks 
that are cognitively 
demanding.  
 




  4. Provide support during 
exploration without taking 
over or funneling student 
thinking.  
 
    4. Support the solutions, 
methodologies, and 
justifications of classmates and 
discuss solution strategies while 
demonstrating respect for 
others.  
  
  5. Prompt students to attempt 




Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
Pages Evaluated  
Note: Mathematics teaching practices (MTPs), teacher actions, and student actions adapted from Principles to Actions: Ensuring Mathematics 





(Adams, 2020)        
©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) 
To be used for content analysis of written materials. 
MTP   DOCUMENTED PRESENCE OF TEACHER AND STUDENT ACTIONS 
   DESCRIPTION  EXPLANATION  DESCRIPTION  EXPLANATION 
   Page(s) TEACHER ACTIONS Page(s)  Page(s) STUDENT ACTIONS Page(s) 









D.   
E.   
 
 
    1. Implement tasks that 
require students to select an 
appropriate representation. 
     1. Use multiple representations 
to demonstrate understanding.  
  
  2. Plan for and protect 
instructional time for students 
to explore, use, and discuss 
their representations.  
    2. Use drawings, diagrams, and 
models to support mathematical 
reasoning.  
  
  3. Provide representations 
that may be useful.  
    3. Thoughtfully approach the 
selection of appropriate tools for 
solving problems.  
  
  4. Encourage students to 
utilize visuals and drawings 
to support their reasoning. 




  5. Focus students’ a ttention 
on essential features of 
mathematics ideas and 
connect those features to 
students’ representations.  
    5. Connect mathematical ideas 
to the real-world. 
  
  6. Plan to assess students’ 
ability to use representations 
to solve problems. 
     6. Select a representation for 
solving after contemplating 
various tools or models. 
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
Pages Evaluated  
Note: Mathematics Teaching Practices (MTPs), teacher actions, and student actions adapted from Principles to Actions: Ensuring Mathematics 





(Adams, 2020)        
©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) 
To be used for content analysis of written materials. 
MTP   DOCUMENTED PRESENCE OF TEACHER AND STUDENT ACTIONS 
   DESCRIPTION  EXPLANATION  DESCRIPTION  EXPLANATION 
   Page(s) TEACHER ACTIONS Page(s)  Page(s) STUDENT ACTIONS Page(s) 









D.   
E.   
 
    1. Purposefully engage 
students in the discussion of 
their thought processes, 
rationale, and methods.  
     
1. Present solution strategies, 
representations, and to 
classmates.  
  
  2. Formatively assess 
students’ solution strategies 
during the lesson and select a 
productive sequence of 
student approaches to be 
shared during classroom 
discussion.  
    
2. Actively listen to the 
reasoning of their peers, use 
examples to support claims or 
counterexamples to rebut. 
  
  
3. Position students as 
mathematicians who explain 
and defend their rationa le.  
    3. Use classmates’ 
methodologies presented by 
classmates while actively trying 




4. Explicitly connect student 
approaches and reasoning to 
goals through discourse. 
    4. Draw similarities and 
differences between varied 
solutions strategies that arrive at 
the same correct answer.  
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
Pages Evaluated  
Note: Mathematics Teaching Practices (MTPs), teacher actions, and student actions adapted from Principles to Actions: Ensuring Mathematics 







(Adams, 2020)        
©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) 
To be used for content analysis of written materials. 
MTP   DOCUMENTED PRESENCE OF TEACHER AND STUDENT ACTIONS 
   DESCRIPTION  EXPLANATION  DESCRIPTION  EXPLANATION 
   Page(s) TEACHER ACTIONS Page(s)  Page(s) STUDENT ACTIONS Page(s) 







D.   
E.   
 
    1. Ask questions that build on 
student thinking, but do not 
take over student thinking.  
 
     1. Be prepared to explain and 
justify their thinking.  
  
  2. Ask questions that probe 
critical thinking, reasoning, 
and justification, not just 
recall.  
 
    2. Take time to think carefully 
about how to present their ideas 
clearly to others.  
  
  3. Ask questions that clarify 
the mathematics concepts.  
 
    3. Reflect on their thinking 
before answering.  
  
  4. Allow enough wait time.     4. Listen to the reasoning 
presented by classmates, 




Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
Pages Evaluated  
Note: Mathematics Teaching Practices (MTPs), teacher actions, and student actions adapted from Principles to Actions: Ensuring Mathematics 







(Adams, 2020)        
©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) 
To be used for content analysis of written materials. 
MTP   DOCUMENTED PRESENCE OF TEACHER AND STUDENT ACTIONS 
   DESCRIPTION  EXPLANATION  DESCRIPTION  EXPLANATION 
   Page(s) TEACHER ACTIONS Page(s)  Page(s) STUDENT ACTIONS Page(s) 










D.   
E.   
 
    1. Create opportunities for 
students to problem-solve 
through the utilization of 
models and ideas that are 
their own.  
 
     1. Ask and explain “why” 
mathematical procedures work 
and connect those procedures to 
underlying concepts.  
  
  2. Require students to present 
their procedures and the 
rationale for using the 
methodology that they 
selected.  
 
    2. Show adaptable use of 
strategies and contemplate 
which procedures work best for 
different problem types.  
  
  3. Present students with more 
efficient methods and 
procedures and connect those 
new procedures to the 
strategies tha t were student 
generated. 
 
    3. Determine if there are 
specific procedures that are 
appropriate for solving a broad 
classification of problem types. 
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
Pages Evaluated  
Note: Mathematics Teaching Practices (MTPs), teacher actions, and student actions adapted from Principles to Actions: Ensuring Mathematics 






(Adams, 2020)        
©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) 
To be used for content analysis of written materials. 
MTP   DOCUMENTED PRESENCE OF TEACHER AND STUDENT ACTIONS 
   DESCRIPTION  EXPLANATION  DESCRIPTION  EXPLANATION 
   Page(s) TEACHER ACTIONS Page(s)  Page(s) STUDENT ACTIONS Page(s) 










D.   
E.   
 
    1. Be prepared to support 
students productively during 
their struggle with 
mathematics by previously 
predicting potential areas of 
struggle.  
     1. Demonstrate an 
understanding that struggle is an 
essential component in sense-
making and usually leads 
toward the building of 
understanding.  
  
  2. Allocate instructional time 
for students to struggle with 
mathematics and use 
questioning to scaffold 
student thinking.  
    2. Identify which questions to 
ask in order to get clarity and 
support through their struggles.  
  
  3. Support confusion, 
mistakes, struggles, and 
errors as an essential part of 
learning and engage students 
in conversations about 
misconceptions and mistakes. 
    3. Demonstrate perseverance by 
pushing through the struggle 
and asking for help when 
needed, but not giving up.  
  
  4. Praise students for their 
effort and perseverance in 
problem-solving, not solely 
for arriving at the correct 
solution.  
    4. Help classmates without 
giving the answer or taking over 
to find the solution.  
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
Pages Evaluated  
Note: Mathematics Teaching Practices (MTPs), teacher actions, and student actions adapted from Principles to Actions: Ensuring Mathematics 
Success for All, by National Council of Teachers of Mathematics, (2014), Reston, VA: Nation Council of Teachers of Mathematics.  





©Scoring Rubric for the National Council of Teachers of Mathematics’ Mathematics Teaching Practices (MTPs) 
To be used for content analysis of written materials. 
MTP   DOCUMENTED PRESENCE OF TEACHER AND STUDENT ACTIONS 
   DESCRIPTION  EXPLANATION  DESCRIPTION  EXPLANATION 
   Page(s) TEACHER ACTIONS Page(s)  Page(s) STUDENT ACTIONS Page(s) 
RATING      Implicit Explicit  Implicit Explicit  Implicit Explicit  Implicit Explicit 
MTP 8: 
 






D.   
E.   
 
    1. Determine indicators that 
students are adequately 
progressing throughout the 
lesson and moving toward the 
learning target. 
     1. Demonstrate mathematical 
thinking verbally and through 
written work.  
  
  2. Assess student 
understanding at specific 
points throughout the lesson.  
    2. Engage in metacognition 
through reflecting on mistakes 
and identifying misconceptions.  
  
  3. Continually assess student 
thinking, reasoning, and 
methods to determine their 
mathematical understanding.  
    3. Ask questions and work in 
collaboration with others. 
  
  4. Prompt, probe, scaffold, 
and extend upon student 
questions immediately.  
    4. Engage in their own progress 
monitoring, identify personal 
strengths as well as areas in 
need of growth. 
  
  5. Reflect on formative 
assessment of student 
understanding when 
determining the next steps for 
instruction. 
       
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
Pages Evaluated  
Note: Mathematics Teaching Practices (MTPs), teacher actions, and student actions adapted from Principles to Actions: Ensuring Mathematics 
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(Adams, 2020)  
©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) 
To be used for content analysis of written materials. 
Directions:   
Read through written materials until evidence of a teacher action (TA) and teacher understanding (TU) criterion is found. Then, determine the 
category (i.e. description or explanation), and document the location (page number) in the corresponding column. For each TA and TU, 
descriptions are documented to the left and explanations to the right. Implicit and explicit evidence should be documented. After completing the 
content analysis, refer to the rating scale to assign a description and explanation score for each SOIP. Document scores in the grey column.  
Category  Categorization Criteria 
Description:   A TA or TU is categorized as a description of a SOIP if it is implicitly or explicitly stated, described, or characterized in 
the text, but not applied through an example, assignment, video link, discussion topic, questions, etc. Descriptions do not 
require preservice teacher (PST) application. 
 
Explanation:   A TA or TU is categorized as an explanation of a SOIP if it is clearly illustrated (the text provides the logical 
development, states the underlying cause, demonstrates, illustrates, or clarifies) or if it indicates preservice teacher (PST) 
application. For example, a TA or TU would be categorized as an explanation if it was found within a textbook’s lesson 
plans, linked video lessons, or end of chapter questions. Moreover, within a syllabus, a TA or TU categorized as an 




(General presence of TAs and TUs in textbook or syllabus.) 
EXPLANATION LEVELS 
(Applied presence of TAs and TUs in textbook or syllabus.) 
Level 4:  
Fully described. 
All TAs and TUs are present. Level 4:  
Fully developed 
All TAs and TUs are present.  
Level 3:  
Well described  
Half or more of the TAs and TUs are present. Level 3:  
Well-developed 
Half or more of the TAs and TUs are present. 
Level 2: 
Described 
At least one TA is present. Less than half of all TAs and 
TUs are present. 
Level 2:  
Developed 
At least one TA is present. Less than half of all 
TAs and TUs are present. 
Level 1:  
Under described 
No TAs present. TUs are present. Level 1: 
Underdeveloped 
No TAs present. TUs are present.  
Level 0:  
Not stated.  
No TAs or TUs present. Level 0:  
Not present 






(Adams, 2020)  
©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) 
To be used for content analysis of written materials. 







EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 
















1. Teachers should not 
add noncritical details, 






1. People learn better when 
extraneous material is 












D.   
E.   
 
  
2. All presented materials 
compete for cognitive 








music, and symbols, 




3. The learner’s visual and 
auditory sensory memory 
channels are continually 
deciding what information to 
hold on to.  
  
  
4. Presenting extraneous 
information strains the 
cognitive load of the learner by 
increasing the number of items 
that the learner must sort 
through when selecting what to 
hold on to.  
  
  
5. Extraneous materials that 
are presented may be selected 
by the learner and take up 
cognitive capacity, and the 
learner may leave essential 
material behind.  
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  






(Adams, 2020)  
©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) 
To be used for content analysis of written materials. 







EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 














1. Teachers should 
cue the learner to 
pay attention to the 
critical elements of a 
lesson, especially for 




1. People learn better when 





better when the 
organization of 




D.   
E.   
 
  
2. Signaling guides the 
learner’s attention to the 
essential material within a 
lesson, which reserves the 
learner’s cognitive capacity.  
  
  
3. Signaling assists the 
learner in building correct 
cognitive representations 








pointer words for 
cueing the learner’s 
attention 
    




Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  







(Adams, 2020)  
©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) 
To be used for content analysis of written materials. 







EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 
















1. Use instructional 
materials that embed 
critical vocabulary 
and key terms with 
illustrations that 
correspond to them, 
rather than using 
captions body text to 
describe 
illustrations. 
     1. People learn better when 
corresponding written 
words and pictures are 
near rather than far from 






and pictures are 
near rather than 
far from each 




D.   
E.   
 
  
2. The cognitive resources 
of the learner are preserved 
when the learner does not 
have to scan to find 
corresponding words and 
images visually. 
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  








(Adams, 2020)  
©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) 
To be used for content analysis of written materials. 







EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 

















1. Teachers should 
present images at the 
same time as 
auditory instruction 
or narration, rather 
than describing 
something and then 




1. People learn better when 
corresponding spoken 
words and images are 
presented simultaneously 














D.   






2. It is easier for learners to 
build cognitive connections 
between spoken words and 
images when they coincide. 
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  





(Adams, 2020)  
©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) 
To be used for content analysis of written materials. 







EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 
















1. Before instruction, 
teachers should tell 
learners what they 
will be required to 
do with the 
information that is 
presented. 
   
  
1. People learn better when 
they are shown question 




better when they 
are shown 
question types 
in advance.  
 
RATING 
D.   
E.   
 
  
2. When learners know that 
they will be questioned 
later, they keep essential 
material accessible in their 
working memory.  
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  











(Adams, 2020)  
©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) 
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EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 












   
1. Teachers should 
break instruction 
into small segments 
and allow breaks for 
learners to process 
and reflect upon the 
presented 
information. 
     1. People learn better when 
a complex lesson is 





better when a 
complex lesson 





D.   
E.   
 
  2. When presenting 
complex information, like 
steps in a process, 
instruction should not move 
on to the next step until 
learners have processed the 
current step.  
  
  3. Instruction that moves 
too quickly does not allow 
the learners time to process 
new information and build 
mental representations. 
  
  4. Learners need processing 
time to build causal 
connections in their 
working memory. 
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
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EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 












   
1. Before teaching a 
lesson, teachers 
should provide 
learners with critical 
vocabulary and a 
preview of the 
critical elements of a 
lesson. 
     1. People learn better from 
a complex lesson when they 











of the lesson.  
 
RATING 
D.   
E.   
 
 
  2. Providing vocabulary to 
students in advance frees up 
cognitive capacity for the 
lesson. 
  
  3. If students do not have 
prior knowledge of 
vocabulary or critical 
elements, they will use 
cognitive capacity during 
the lesson to try to 
understand the vocabulary 
and critical elements, which 
could result in cognitive 
overload. 
  
  4. When learners experience 
cognitive overload, they 
may fail to build accurate 
mental representations, 
especially during past-paced 
or complex lessons. 
 
Textbook or Syllabus:   Institution:  
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EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 












   
1. When presenting 
visual information to 
students through the 
form of pictures, 
images, or diagrams, 
teachers should use 
spoken words, not 
printed words, in 
order to prevent 
visual processing 
overload. 
     1. People learn better from 
a multimedia presentation 
when words are spoken 




better from a 
multimedia 
presentation 
when words are 
spoken rather 
than printed.  
 
RATING 
D.   
E.   
 
  2. Both pictures and written 
words are viewed with the 
eyes and processed by the 
visual working memory, 
which is limited in capacity. 
Therefore, presenting 
pictures and written words 
at the same time can cause 
visual processing overload.  
  
  3. When teachers present 
visual information with 
spoken words, the visual 
information is received 
through the eyes and the 
spoken words through the 
ears. Sending a single 
message both the visual and 
auditory sensory memories, 
not overloading either. 
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
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EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 















1. Teachers should 
present textual 
information with 
relevant images or 
diagrams. 
   
  
1. People learn better from 
words and pictures than 











D.   




2. When pictures and words 
are presented together, 
learners can build mental 
representations that 
incorporate the words and 
pictures into a coherent 
mental model.  
  
  
3. The learner can build 
cognitive connections 




4. The learner has two 
representations for a single 
concept, thus doubling the 
efficiency of the presented 
material.  
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
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EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 















1. Teachers should 
use “I” and “you” 





   
1. People learn better when 














D.   




   
2. When learners perceive 
that the instructor is 
speaking directly to them or 
engaging them in a 
conversation, they put more 
effort into making sense of 
the presented material. 
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(Adams, 2020)  
©Scoring Rubric for Mayer’s Science of Instruction Principles (SOIPs) 
To be used for content analysis of written materials. 







EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
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SOIP 11:  
Concretizing 
   





     1. People learn better when 
unfamiliar material is 













D.   
E.   
 
   2. When a learner engages 
in a concrete experience the 
learner builds a pictorial 
memory of the experience, 
  
  3. When a learner engages 
in a concrete experience the 
learner, classmates, and 
teacher now have shared 
knowledge of the material,  
  
  4. When a learner engages 
in a concrete experience the 
learner can build a more 
precise mental 
representation of the 
concept (Glenberg & 
Kaschak, 2002, as cited by 
Mayer, 2009). 
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Mathematics Domain:   Evaluator Name:  
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EXPLANATION DESCRIPTION TEACHER 
UNDERSTANDING 
EXPLANATION 
  Page(s) Page(s) Page(s) Page(s) 











SOIP 12:  
Anchoring 
   
1. Teachers should 
engage learners in 
real-world scenarios 
to which the content 
applies. For 
example, students 
learn subtraction by 
making change in a 
classroom grocery 
store. 
     1. People learn better when 
the material is presented in 





better when the 
material is 
presented in the 





D.   
E.   
 
 
   2. Personalizing learning 
automatically engages the 
learner’s prior knowledge.  
  
  
3. Motivation to learn can 
be increased if personalized 
learning attends to an 
experience that interests the 
learner (Bransford, Brown, 
& Cocking, 2000, as cited 
by Mayer, 2009). 
  
Textbook or Syllabus:   Institution:  
Mathematics Domain:   Evaluator Name:  
Pages Evaluated  
Note: Science of Instruction Principles (SOIPs), instructional techniques, and key descriptors adapted from Multimedia Learning, 2nd ed. by 
Richard E. Mayer (2009), New York, NY: Cambridge University Press, and Applying the Science of Learning by Richard E. Mayer (2011), 
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Explicit Standard References within Course Syllabi 
• CO #1 stated, “The candidate will be able to demonstrate pedagogical content knowledge 
related to knowledge of student thinking and instructional practices (Mathematics FLCS 
 #1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7).” 
• This matrix to align standards to the assignment “Student Thinking Survey and Report.” 
Course Objective(s) 2, 3, 4 
FEAPs 2c, 2d, 2e, 2f, 2h, 4b, 4d 
ESOL Competency (Competencies) 1.2, 6.7, 9.3, 9.4, 9.6 
Florida Math Competencies and Skills 1.1, 1.3, 1.6, 3, 4, 5 
 
General Standard References within Course Syllabi.  
 
• A syllabus referenced PEC 1-12. The researcher did not analyze each indicator that fell 
under each PEC. The research coded only the broad description for each competency.  
Vague References to Standards within Course Syllabi 
• A syllabus stated, “The topics covered in the course address Foundations and 
Perspectives of teaching Mathematics including qualities of effective mathematics 
teachers, effective methods for teaching, and the importance of content standards, process 


































Relative Color Comparison of the CTML’s Three Cognitive Categories Documented by TEPs, 
Generous Analysis of Geometry and Measurement Content 
  SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
 TEP ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%)        
TEP1 9% 15% 21% 46% 33% 69% 
TEP2 4% 11% 21% 27% 56% 59% 
TEP3 4% 13% 15% 13% 53% 50% 
TEP4 9% 15% 21% 50% 39% 66% 
TEP5 8% 8% 23% 27% 27% 50% 
TEP6 4% 20% 35% 40% 63% 81% 
TEP7 9% 15% 23% 27% 48% 69% 
TEP8 9% 20% 25% 38% 72% 75% 
TEP9 9% 15% 19% 29% 39% 59% 
TEP10 9% 15% 29% 38% 36% 69% 
 
Relative Color Comparison of the CTML’s Three Cognitive Categories Documented by TEPs, 
Conservative Analysis of Geometry and Measurement Content 














TEP1 7(9%) 12(15%) 10(21%) 14(29%) 17(27%) 38(59%) 
TEP2 3(4%) 5(6%) 10(21%) 13(27%) 30(47%) 32(50%) 
TEP3 3(4%) 10(13%) 7(15%) 6(13%) 30(47%) 32(50%) 
TEP4 7(9%) 12(15%) 10(21%) 24(50%) 17(27%) 41(64%) 
TEP5 6(8%) 6(8%) 9(19%) 9(19%) 17(27%) 26(41%) 
TEP6 7(4%) 10(13%) 11(23%) 9(19%) 30(47%) 32(50%) 
TEP7 7(9%) 12(15%) 11(23%) 13(27%) 19(30%) 31(48%) 
TEP8 7(9%) 16(20%) 12(25%) 18(38%) 30(47%) 44(69%) 
TEP9 7(9%) 12(15%) 9(19%) 14(29%) 17(27%) 38(59%) 









Relative Color Comparison of the CTML’s Three Cognitive Categories Documented by TEPs, 
Conservative Analysis of Geometry Content 
 SELECTING ORGANIZING INTEGRATING 
 % % % 
TEP1 14% 27% 45% 
TEP2 9% 25% 48% 
TEP3 13% 17% 48% 
TEP4 14% 38% 47% 
TEP5 8% 21% 34% 
TEP6 13% 25% 48% 
TEP7 14% 25% 42% 
TEP8 19% 31% 55% 
TEP9 14% 27% 45% 
TEP10 14% 27% 41% 
 
Relative Comparison of Description and Explanation of the CTML’s Three Cognitive Categories 
Documented Within Geometry Content, Conservative Analysis 
 SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
 (%) (%) (%) (%) (%) (%) 
TEP1 8% 20% 21% 33% 31% 59% 
TEP2 8% 10% 25% 25% 47% 50% 
TEP3 8% 18% 8% 25% 47% 50% 
TEP4 8% 20% 21% 54% 31% 63% 
TEP5 8% 8% 21% 21% 31% 38% 
TEP6 8% 18% 25% 25% 47% 50% 
TEP7 8% 20% 21% 29% 34% 50% 
TEP8 8% 30% 21% 42% 47% 63% 
TEP9 8% 20% 21% 33% 31% 59% 
TEP10 8% 20% 21% 33% 31% 50% 
 
Relative Comparison of Description and Explanation of the CTML’s Three Cognitive Categories 
Documented Within Measurement Content, Conservative Analysis 
 SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
 (%) (%) (%) (%) (%) (%) 
TEP1 10% 10% 21% 25% 22% 59% 
TEP2 0% 3% 17% 29% 47% 50% 
TEP3 0% 8% 21% 0% 47% 50% 
TEP4 10% 10% 21% 46% 22% 66% 





 SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
 (%) (%) (%) (%) (%) (%) 
TEP6 0% 8% 21% 13% 47% 50% 
TEP7 10% 10% 25% 25% 25% 47% 
TEP8 10% 10% 29% 33% 47% 75% 
TEP9 10% 10% 17% 25% 22% 59% 





Relative Comparison of the CTML’s Three Cognitive Categories Within Measurement Content, 
Conservative Analysis 
 SELECTING ORGANIZING INTEGRATING 
 % % % 
TEP1 10% 23% 41% 
TEP2 1% 23% 48% 
TEP3 4% 10% 48% 
TEP4 10% 33% 44% 
TEP5 8% 17% 33% 
TEP6 4% 17% 48% 
TEP7 10% 25% 36% 
TEP8 10% 31% 61% 
TEP9 10% 21% 41% 
TEP10 10% 23% 36% 
 
Relative Color Comparison of CTML Cognitive Categories Documented Within Combined 
Geometry and Measurement Syllabi Content, Generous Analysis Results 
 SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
TEP ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP1 ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP2 0(0%) 0(0%) 0(0%) 8(33%) 4(13%) 12(38%) 
TEP3 0(0%) 4(10%) 0(0%) 0(0%) 6(19%) 6(19%) 
TEP4 0(0%) 0(0%) 0(0%) 0(0%) 4(13%) 0(0%) 
TEP5 0(0%) 0(0%) 0(0%) 10(42%) 8(25%) 11(34%) 
TEP6 0(0%) 0(0%) 2(8%) 4(17%) 0(0%) 6(19%) 





 SELECTING ORGANIZING INTEGRATING 
 Description Explanation Description Explanation Description Explanation 
TEP ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) ∑(%) 
TEP8 0(0%) 0(0%) 0(0%) 0(0%) 12(38%) 16(41%) 
TEP9 0(0%) 0(0%) 0(0%) 4(17%) 16(50%) 16(50%) 
TEP10 0(0%) 0(0%) 0(0%) 0(0%) 8(25%) 6(19%) 
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